
Chapter 1

INTRODUCTION

1.1 A Profile of Nepalese Agriculture 

In this section, some problems and prospects of Nepalese

agriculture are put into perspective. The role of agriculture in

economic growth is outlined. The regional disparities in the

performance of the agricultural sector including the regional

differences in agroclimatic and socioeconomic factors resulting in the

disparities are highlighted. Some general trends in crop production
are reviewed in terms of the shares of cereal crops in total value of

output, cropping pattern and variability in yields. The purpose of

this section is to facilitate a better understanding of the

formulation of the problem, objectives and hypotheses of the present
study.

1.1.1 Agriculture as a source of economic growth

Agriculture is the mainstay of the Nepalese economy.	 This is

evidenced by the facts that the industry accounts for over sixty per

cent of gross domestic product (GDP), provides employment to about 90

per cent of the labour force and is the source of 80 per cent of

exports (World Bank 1979). Not surprisingly, the agricultural sector

has been given top priority ever since the beginning of planned

economic development in 1956. Despite continuing efforts to stimulate

growth in the sector, the achievements so far have not, however, been

inspiring. The primary concern in the development plans has been to

maximise food production in order to facilitate increase in per caput

food consumption and to maintain exports. The longterm objectives,

envisaged in the Sixth Five Year Plan in relation to agriculture are,

among others, to increase production of food grains, fruits and

animal-based foodstuffs in meeting the nutritional need of the growing

population and to increase the number of agricultural development
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programmes in the mountainous region in order to remove the

intersectoral and interregional imbalances which exist, and to put the

hill economy on a firm footing (NPC 1981). In order to attain the

targeted GDP increase of 4 to 5 per cent per annum, the Fifth Five

Year Plan (1975-80) aimed at increasing agricultural output by 19.2

per cent. Food grain production was to go up by 16.7 per cent and

cash crops by 68.1 per cent. However, in the event, food grain

production dropped 13.3 per cent and cash crops registered growth of

only 8.5 per cent in the fiscal year 1979/80 (ibid 1981, p.5). The

real GDP grew during the Fifth Plan by 11.7 per cent i.e. at an

annual rate of 2.2 per cent. The reason for the slower rate of growth

of GDP was a poor performance in the agricultural sector. Total

agricultural production declined by 5.3 per cent during the plan

period as against the targeted growth by 19.2 per cent. It is said

that the sharp decline in the agricultural production was caused by

the effect of adverse weather in 1979.

During the 14 year period from 1961 to 1974, Nepal's major food

grain production increased annually at the rate of 1.35 per cent,

while population during the same period grew at more than two per cent

(Chapagain 1976). The gL-owth in production has not kept pace with

population growth, threatening a serious food deficit which is already

affecting most parts of country, particularly in the Hills. A 2.2 per

cent annual growth in GDP during the Fifth Plan was countered by a 2.6

per cent annual growth in population. The dismal rate of growth in

production coupled with the high growth rate in population caused a

decline in annual per caput edible food grain production from 185 kg

in 1970/71 to 160 kg in 1980/81. It seems to have become rhetoric in

every appraisal of agricultural plans to attribute the shortfalls to

factors like shortages of irrigation facilities, lack of coordination

among relevant line agencies, disharmony between agricultural research

and extension, ecological imbalance, shortages of agricultural inputs,

natural calamities and so on.
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1.1.2 Regional disparities

The country is divided into three main ecological areas according

to altitude, namely, the Terai (between 75 and 300 m above sea level),

the Hills (between 300 and 3000 m above sea level) and the Mountains

(between 3000 and 8000 m above sea level). Out of the total land area

of 14 million ha, the Terai occupies 23 per cent, the Hills 61 per

cent and the Mountains 16 per cent.

Farming is practised under different conditions in the Hills and

Terai. In the Hills, crops are cultivated on valley bottom land,

river basins and terraced slopes, of which 80 per cent are rainfed

upland terraces and 20 per cent or less are partially irrigated small

plateaux along river banks. The regional pattern of agricultural

production is very much conditioned by ecological and climatic

factors. Climatic and soil variations in Hills are more widespread

and abrupt than in the Terai. As such, the hilly region is

characterised by a numerous micro climatic pockets. The Terai, having

a tropical climate with an annual rainfall range of 2286 to 2540 mm

and alluvial soil, and having a number of inherent advantages in being

a plain area, provides the greatest opportunities and potential for

increased cereal crop production. Availability of irrigation, better

transportation facilities, accessibility to markets and a favourable

man-land ratio have given the Terai a relatively advantageous position

over any other regions of the country. On the other hand, a rugged

topography, poor infrastructure and extensive wilderness are the main

physical constraints that handicap the growth of agriculture in the

Hills. The problems in the Hills are further exacerbated by

socio-economic constraints where the majority of the population live

below the poverty line and where approximately 94 per cent of women

and 67 per cent of men are illiterate (MFA 1981, p.3). Farming

systems in the Hills are characterised by substantial diversity and

also a high degree of self-reliance. Hill agriculture is

predominantly of a subsistence nature and commercialization of small

Hill farms is difficult.
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- The high mountains have more comparative economic advantages in

horticulture and livestock than in cereal production, but the

constraints of agricultural progress in the Mountains are more

pronounced than those in the Hills.

Out of the total cultivable land i.e. 2.3 million ha, the Hills

(including Mountains) have approximately 0.6 million ha (ibid 1981,

p.19). Over 65 per cent of total cropped area is in the Terai (Table

A.1 of Appendix A).

Likewise, the Terai also accounts for over 65 per cent of gross

output (Table A.2). In contrast, two-thirds of the total population

live in the Hills. The population density of the Hills exceeds 1500

persons per km 2 of arable land or 12 persons per ha of cultivable land

(World Bank 1979). The average size of holding in the Hills is a mere

0.5 ha as against 1.7 ha in Terai.

Table A.1 and A.2 of Appendix A also suggest that between 1967/68

and 1982/83, the annual growth rate in output was exceeded by the

annual growth rate in the total cropped area both in the Hills and

Terai, implying that the average yield has been declining. The trend

over the years in average crop yields in the Hills and Terai is

highlighted in Fig B.1 of Appendix B.

1.1.3 Some general trends in crop production

Crops and in particular food grains dominate agricultural

activities and account for the bulk of agricultural production. More

than 58 per cent of the value of agricultural gross domestic product

(AGDP) is derived from the three principal crops viz., paddy, maize

and wheat, which also accounted for about 89 per cent of the total

cropped area in 1981/82. The most widely grown crop is rice which

covers more than half (53 per cent) of total cropped area followed by

maize and wheat, which account for 20 and 16 per cent repectively.

Paddy contributes the biggest share (about 50 per cent) of total value

of all crops as well as total cultivated cropped area. Table 1.1

depicts the share of each crop in the total value of crops and total

cultivated area.
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Table 1.1

Share of Each Crop in Value of Production and Cropped Area, 

- Average of 1978/79 to 1980/81 

	

crop Share in total	 Share in total

	

value of crops	 cropped area 

(per cent)	 (per cent)

Paddy	 49.5	 50.1

Maize	 18.1	 17.3

Wheat	 12.8	 15.0

Millet	 3.0	 4.9

Barley	 0,6	 1.1

Potato	 6.6	 2.1

Sugarcane	 1.1	 0.9

Oilseeds	 4.9	 5.8

Jute	 1.7	 1.8

Tobacco	 1.0	 0.3

Tea	 0.1	 0,1

Source: Yadav (1984).

During 1971-81, the crop area increased by 237,000 ha or 10.6 per

cent. The increase was mainly due to the increase of 153,000 ha or 67

per cent in the area planted to wheat. Area planted to other crops

did not register any remarkable changes, A comparison of cropping

patterns between 1970/71 and 1980/81 is made in Table A.3.

Apart from an increase in area planted to wheat, particularly in

the Terai, the cropping pattern in general have not changed

significantly during the decade of 1970s. It may follow from this

that the annual variability in the aggregate crop yield in Nepal is

not attributable to variation in the cropping pattern.

The yields of different crops bave been at the rock bottom

compared with those in other countries in Asia. More alarming than

this is that, for most principal crops, yields have been declining for

past decade or so. The figures given in Appendix B highlight the

trend of the yields of five principal crops, both in the Hills and
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Terai.

Paddy yield in Nepal, the highest in South Asia in 1966, has
become one of the lowest (1.97 t/ha) in the region in 1982 (ADB and

HMG, Nepal 1982). The average yields of major crops during last two

decades are compared in the following table.

Table 1.2

Average Yields of Maior Crops in 1960's and 1970's

(in t/ha)

Crops	 1961/62-	 1971/72-

1970/71	 1980/81

Paddy 1.92 1.88

Maize 1.20 1.14

Wheat 1,89 1.69

Source: ADB and HMG, Nepal, 1982.

It can be observed that the overall yield has declined between

two decades. Between 1971 and 1981, the total output of cereal grains

increased marginally but this was attributable entirely to the inrease

in the cropped area - either through increased intensity of cropping

or through increased cultivation of marginal lands, particularly in

the Hills. A comparison is made between the area, production and

yields of cereal grains between 1971/72 and 1981/82 in Table A.4 of

Appendix A.

Aggregate output in the Hills over the period increased by 17.6

per cent despite a fall in yield by 6.6 per cent. This increase in

production could be logically attributed to the increase in the

cropped area by 26.2 per cent. On the whole, both production and area

increased by about 14 per cent while the yield remained stagnant.
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1.2 Problem Stated 

The basic problem confronting Nepalese agriculture is the

declining trend in productivity. As stated in the previous section,

the falling trend in the output per ha appears to have been continuing

for past two decades. This phenomenon is contrary to one's

expectation when widely recognized new technologies in terms of

increased use of improved varieties and fertilizers are being given

emphasis within the country and in view of the productivity increases

attained in other countries in recent years.

While the causal factors behind the declining trend in

productivity remain to be determined, account should also be taken of

the differing productivity behaviour in different ecological regions,

particularly the Hills and Terai. These reflect agroclimatic

differences and differential resource endowments between the regions.

Because of the fact that cultivation is basically rainfed,

meteorological variables are expected to account for a large part of

annual yield fluctuations. But a sustained decline in the trend of

crop yields can hardly be attributed to the weather conditions. It

rather implies that the rate of technological advance has been

ineffective to bring about crop yield increases or that the

technological changes such as those embodied in the introduction of

new varieties and other farm improvement techniques do not appear to

have effectively penetrated into the village communities. Assuming

constant returns to scale and equilibrium in production, the downward

trend, in effect, means a downward shift in the production function.

1.3 Objectives

Basically this study is focused on the causal factors underlying

the falling trend of agricultural productivity measured partially as

output per ha of principal crops. Attempts will also be made to

account for the differential trends in the productivity growth in the

different ecological regions, particularly in the Hills and Terai.
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The objectives of the study are:

i. to study the impact of meteorological variables in the annual

fluctuations in aggregate as well as individual crop yields,

ii. to assess regional differences in the responses to changes in the

factors explaining variations in crop yields in different

ecological regions, particularly the Hills and Terai,

iii. to obtain some indication of the nature of technical change in

Nepalese agriculture, and

iv. to suggest policy implications and further work required.

1.4 Hypotheses

The following hypotheses are formulated in the light of the

objectives of the study. The techniques to be used in testing of

these hypotheses will be discussed later.

i. A large part of the annual fluctuations and regional differences
in yields is significantly explained by the random effects of

weather variables, particularly rainfall.

ii. The rate of technical change in aggregate has been zero to
negative.

iii. The responses to changes in factors explaining agricultural yields

in the Hills differ from those in the Terai.



Chapter 2

CONCEPTUAL FRAMEWORK AND DISCUSSION ON PREVIOUS WORKS

2.1 Introduction

This chapter is a review of the significant contribution of those
studies relevant to the present work. Section 2.2 deals with various
approaches followed by researchers in assessing crop weather

relationship.	 Section 2.3 discusses concept of technical change and

two fundamental approaches of its measurement viz., the productivity

index approach and the production function approach. Conventional

technique to estimate the rate of technical change by introducing a

time variable is reviewed in Section 2.3.3. On the whole, the purpose

of this chapter is to conceptualise the impact of weather and

technical change on the variation of crop yields and to develop a

theoretical background for the analysis.

2.2 Measuring the Effect of Weather on Crop Yields 

Distinguishing 'weather' from 'climate', Stallings (1961) pointed

out that weather is a collection of various conditions of the

atmosphere, including such phenomena as rainfall, snowfall, hail,

humidity, amount of sunshine, light intensity, atmospheric pressure

and temperature, occuring during a definite time period. 	 Climate is

the long run characteristic of weather at a particular place.

Variables associated with fluctuations in crop yields from year

to year can be categorized into two groups viz. (i) controllable and

(ii) uncontrollable. Variables such as cultural practices, choice of

seed varieties, timing and amount of application of fertilizers are

controllable. Uncontrollable variables, among which weather is the

most important , have significant influences on the crop yields -

direct and indirect. The direct effects are those which are directly

related to the plant structure, characteristics and growth rate
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(Buller and Lin 1969, p.91). The indirect influences include the

effects brought about by the correlation between the weather and

non-weather variables. For example, some insect infestations and

plant diseases are associated with weather. The effect of weather on

crop yield also varies with controllable variables like level of

fertilizers, cultural practices, seed varieties and so on.

Doll (1967) defined weather as those meteorological phenomena
affecting crop yields within a growing season. In his opinion, the

indirect effects of the meteorological phenomena must be limited to

those occuring in the same growing season. This definition is

narrower than that of Stallings', which also includes indirect effects

on the crop yields reflected by the current and lagged effects of

weather variables upon acreage planted, fertilizers used, insect

infestation and so on. (Doll 1967, p.80).

2.2.1 Weather indices 

Several alternative methods have been developed to measure

weather effects upon crop production. Techniques vary as to the ways
the weather indices are computed, the variables used to measure

weather and the functional relationships chosen to estimate the crop

yield response to weather. Most researchers have used total yearly

precipitation, precipitation at critical times, precipitation and

temperature, various indices computed from the precipitation and

various other weather and non-weather factors as well as indices

computed from experimental plot data.

Stallings (1960) pioneered the development of weather indices.

His index of the influence of weather on crop output was based on the

assumption that if 'time series yields for the studied crops could be

obtained from experimental plots in the areas where particular crop

were grown and where as many variables as possible had been held

constant, then the remaining variation in yield from year to year

would give an indication of the influence of 'weather' after trend had

been removed to account for increases or decreases in fertility levels



11

in soil' (Stallings 1960, p.181). The basic procedure involved is to

fit a trend to experimental plot yield series to account for the

effect due to variation in soil fertility. An index is then computed

as the ratio of actual yields to fitted trends. A weather index of

100 would indicate a year, when the computed yield equals the actual

yield. This would be a year of 'normal' weather. Conceptually,

Stallings' index is an estimate of the extent to which yields depart

from the trend as a result of weather. Such an index describes the

variation in crop yields due to direct as well as indirect effects.

The weather index approach based on experimental plot data has
advantage that changes in production technology have not affected

yield and, therefore, do not have to be estimated, as is the case when

other type of data are used. Researchers also, however, have used the

regression analysis approach, viz., crop weather models as an

alternative to the weather index approach. In the regression analysis

approach, certain meteorological variables such as rainfall,

temperature etc. are identified as having an important impact upon

the variation in crop yield and the latter is regressed on those

selected meteorological variables. As Shaw (1964) pointed out, there

are some advantages of the weather index approach. For instance,

estimation of indices as an explicit measure of the weather impact do

not involve the difficulties associated with the statistical attempts

to measure directly the influence of weather, which require detailed

specification of meteorological variables and their functional

relationships with crop yields. But, on the other hand, the

estimation of indices, such as that of Stallings, requires a

sufficient amount of time series data on crop yields from experimental

plots. Such data simply do not exist in regions with poor research

facilities. Further, there is no conclusive answer to the question

whether the trend line fitted to the experimental yield series has

removed the predominant part of non-weather influences. Johnson and

Gustafson (1962) found that Stallings indices did provide a fairly

reliable measure of the influence of weather on yields of major crops,

with some exceptions where average annual precipitation as a single

weather variable provided better explanation of particular crop
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yields.

Following Stallings, many authors have used the weather index

approach to study crop yield response to weather. For instance,

Grilliches (1960) used Stallings index in his aggregate U.S.

agricultural supply function. Stallings' weather indices were

extended by Kost (1964) up to 1963, by using the same technique and

the same experimental plots as far as possible. But the estimation

made by Stallings and Kost in the overlapping years showed very little

similarity. Consequently, Francisco (1979) has cautioned against

accepting these indices as estimates of the effect of weather on

crops, as they can be subject to the errors of measurement.

Prior to Stallings, some researchers had attempted to construct

different composite weather indices reflecting the bio-physics of the

plant-weather interaction. The weather influences the moisture

balance in the soil and, thereby, affects the plant growth. Computing

weather indices based on soil moisture requires estimation of

evapotranspiration - a ccmbination of evaporation from soil surface

and transpiration from plants. Thornthwaite (1948) emphasised

evapotranspiration as an important weather element. By dividing the

difference between the precipitation and the potential

evapotranspiration by the potential evapotranspiration, Thornthwaite

obtained a moisture ratio

(2.1)
	

m = (p - e)/e

where p = precipitation and

e = potential evapotranspiration

Since potential evapotranspiration is difficult to determine, the

Thornthwaite index is not widely used. Knetsch (1959) and Ewalt, Doll

and Decker (1961) based their indices on soil moisture budgets and

used the drouth day technique. A soil moisture budget was computed by

subtracting the potential evapotranspiration from the available soil

moisture and by adding rainfall to the result (Ewalt et al. 1961,

p.7). The day when the water available for plant growth in the soil

reservoir was all depleted and death of plant occurs was called a
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'drouth day'. The drouth days were then tabulated and correlated with

yields. This technique did not result in a better measure of weather

(for corn at Columbia) than did the direct measure of rainfall totals.

Estimation of a 'drouth day series required such complex

meteorological measurements that it could be estimated only for

locations at or near first class weather stations' (Doll 1967, p.80).

Recognizing that temperature is the major factor contributing to

evaporation, many earlier studies had introduced indices substituting

temperature for evaporation. Richard Lang in 1920 had used a simple

version of the aridity or humidity index expressed as

(2.2)	 I = P/T

where P and T mean precipitation and temperature, respectively.

Emmanuel De Martonne in 1926 and Anders Angstrom in 1936 subsequently

modified Lang's index (see Oury (1965) for further discussion on the

indices suggested by these authors). De Martonne suggested an

addition of 10 to the temperature to avoid negative values, so the

index became

(2.3)	 I = PAT +10).

Later Angstrom found that index of aridity was proportionate to

precipitation and inversely proportionate to an exponential expression

of temperature. His index of aridity was, thus, expressed as

(2.4)	 I = P/1.07'.

The denominator doubles with every rise of 10°C in temperature.

Oury (1965) found the aridity index approach useful and more effective

than the elementary measure of rainfall and temperature (as weather

variables).
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Doll (1967) estimated yield response as a function of

meteorological variables, trend and their interaction. An index was

then computed as the ratio of the yield predicted for the actual

weather in a given year to the yield predicted for the average

weather.

2.2.2 Crop weather models

The relationship between plant growth and the meteorological

variables is extremely complex. It is more so when one tries to

explain all the physiological aspects of the relationship, which

requires knowledge about the biological/physical process which take

place in the plant's performance in response to the weather factors.

A continuing interest of agricultural scientists has been to account

for many of the intricacies of this relationship. Agricultural

economists, however, are generally interested in establishing an

empirical relationship between the crop production variables and some

of the meteorological variables, measured either as separate

independent variables or as composite indices. A minimum of

specification of bio-physical relationships is used in fitting such

empirical relationship. In general, the 'crop weather model may be

defined as a simplified representation of the complex relationships

between weather or climate on the one hand and crop performance (such

as growth, yield or yield components) on the other hand by using

established mathematical and/or statistical techniques' (Baier 1977,

p.2)

The general type of functional form adopted by most researchers

is

(2.5)	 Y = f(X,,t) + u

where Y = the yield of the crop

X i = weather variable i (i = 1,2  3 	 n)

(n can be any number depending upon the number of

variables chosen as the weather variables such as

rainfall, temperature, humidity etc..)
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t = trend variable

U = disturbance term.

Equation (2.5) is estimated using a multiple regression

technique. Most of the research work on crop weather relationship
have followed this approach, although they vary in terms of the

specifications of the regression model. Some postulate that

precipitation alone affects yields, while others assume that both

precipitation and temperature are equally important variables. The

application of this approach began with the study carried out by

Wallace (1920) in United States on the effects of weather on corn

yields. In this study, he used rainfall and temperature as the

independent variables.

Hodges (1931) investigated the relationship of rainfall and

temperature to corn yields by using multiple linear and curvilinear

correlation methods. Williams (1969) believed that precipitation and

potential evapotranspiration account for most of the variation in

yield due to weather. He measured his weather variables in monthly

periods, because he assumed that the effect of precipitation and the

potential evapotranspiration varied throughout the season. Baier and

Robertson (1968) found that wheat yields were more closely related

with the moisture estimates than the direct measures of rainfall and
temperature. Apart from some attempts to incorporate other measures

of meteorological variables such as evapotranspiration, drought

indices, soil moisture etc., the general practice has been to use

rainfall and temperature per se as the indicator of the influence of

meteorological factors.

Specification of the appropriate functional form is another

difficulty, since explaining the exact relationship between plant
growth and the various meteorological variables is difficult. 'A

reasonable hypothesis is that the relationship between yield and an

individual meteorological factor is that of a bell shaped curve' (Shaw

1964, p.221). Neither too little, nor too much of any meteorological
factor is beneficial for plants, in a given climatological situation.

The yield response to rainfall, for instance, is such that at low
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water level, it increases at an increasing rate with the additional

amount of rainfall. But with rising abundance of water, it increases

first at a decreasing rate and, eventually, falls with extra amounts

of rainfall. In order to represent these varying responses of yields
to weather variables, polynomials are considered to be more reasonable

than linear equations. But the relationship is generally approximated

by a straight line function, because (i) it is simple, (ii) it is

assumed that the observations on yields and meteorological variables,

normally, lie below the stage when the decreasing returns would start

operating and (iii) the use of a polynomial function would erode the

degrees of freedom in estimation.

2.3 Measurement of Technical Change

Technical change is implicitly reflected in the shift in the

productivity index or the production function (Ruttan 1956 and 1960).

An increase in productivity is tantamount to a shift in the production
function. Technical change is also often labelled as the residual or

unexplained portion of the output growth. As Abramovitz (1956) has

stated, technical change is a 'measure of our ignorance'. It is

believed that the residual is largely due to the errors in the total
input measures and that it can be reduced by adjusting for the input

quality changes (Peterson and Hayami 1977; Jorgenson and Griliches

1967). Some prefer to define technical change as the enhancement of

the stock of knowledge being applied in the productive process

(Yotopoulos and Nugent 1976, p. 145; Schmooker 1966). But there is

still 'conceptual indefiniteness' of technology variable in economics

(McInerney 1984).	 Schmooker (1966) has referred to technology as

'terra incognito' of modern economics.

2.3.1 Productivity index approach

Productivity is essentially the measurement of the quantity of

output produced per unit of input. The most frequently used measures
of productivity are the partial productivity indices of labour or land

and the total or multifactor productivity often labelled as the

'residual' or the index of technical progress. 	 The partial
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productivity measures provides some useful information with respect to

a particular input. If the input is the most limited in supply, such

as the case of land in Nepal and many other countries, the

productivity of that particular input is often used as a measure of

agricultural productivity itself. Partial productivity, however, is a

biased measure of technological change, because it includes the effect

of factor substitution together with the effect of advances in the

production techniques (Peterson and Hayami 1977, p.507). If there is

some substitution going on between factor inputs, the partial

productivity would vary, even without any change in the technology.

Total factor productivity is more meaningful since it takes

account of factor intensity as well. Total factor productivity is

defined as the ratio of the total output index to the index of all

factor inputs. There is no conceptual problem about the definition of

factor productivity. In neo-classical economic theory, an increase in

productivity occurs through shifts in or movement along an assumed

production function. Growth in productivity means increasing output

per unit of input or reducing input per unit of output. The process

of productivity growth i.e., the shift in the production function

results from technological change. Although the growth in

productivity could be a theoretical guide to economic progress, Kingma

(1985) believed that this concept of productivity growth 'may

encourage the evolution of production systems regarded as socially

undesirable'. The broader definition of productivity growth, as

Kingma argued, should encompass 'the improvement in the ability of the

social system to grow and to develop production process conducive to

the welfare of individual and groups'.

There is also a substantial disagreement regarding the indexation

procedures used to aggregate the heterogeneous output and inputs in

measuring productivity growth. The major disagreement centres on the

form of the production function on which the index procedure is based,

and on the weighting scheme used for the aggregation. The linear

aggregation of inputs as utilized by the Laspeyres or Paasche formulae

implicitly assumes a linear production function so that the elasticity

of substitution between factor inputs are infinite. Since it is
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believed that perfect substitution between factor inputs can rarely be

a good approximation to the real world, productivity changes as

measured by Laspeyres or Paasche index methods are subject to doubt

(Christensen 1975; Peterson and Hayami 1977; Lawrence and McKay

1980).

The arithmetic index introduced by J. W. Kendrick (1961) and

the geometric index introduced by R. Solow (1957) are the two most

commonly used measure of the growth of factor productivity. The

arithmetic index developed by Kendrick is

(2.6)	 A = 	 Y/Y.
W 0 L./Y (L/L.) + R.K./Y (K/K0)

= 	 Y 
WaL + R0K

where Y/Y., L/L. and K/Ko are the indices of output, labour and
capital respectively and W. and R. are the wage rate and the rate of

return on capital in the base period respectively. Equation (2.6) can

be transformed to a production function which is linear in factor

inputs such as

(2.7)	 Y = A ( W 0 L + RaK )

The arithmetic combination of (2.7) is not a realistic production

function, since, as Domar (1962) has pointed out, the marginal

products of the inputs are changed only by the productivity index A

and the ratio of marginal products is always the same irrespective of

different factor combinations. The latter again implies an infinite

elasticity of substitution, which is far from the real world structure

of production.

Christensen (1975) argued that measured changes in total factor

productivity were valid, but part of the change might be attributable

to scale economies or diseconomies rather than to technical change.

The index approach is appropriate under the assumption that the

function is homogeneous of degree one and that the prices of the

factor inputs are equal to their marginal value products. A measure
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of technical change using the productivity index may be biased because

these assumptions may not be always realistic (Mundlak and Razin

1969).

The index method approach discussed above is based on the linear

aggregation of the inputs with market factor prices as the weights.

The ratio method of measuring productivity change developed by Solow

(1957), which is calculated residually, uses factor shares as the

weights. Introducing the concept of an aggregate production function

of the Cobb-Douglas type and assuming constant returns to scale and

autonomous and neutral technical change, Solow defined the measure of

growth in total factor productivity or the rate of technical change as

the residual, that is

(2.8)	 dA/A = dQ/Q - Ca dL/L + b dK/K]

b = (1 - a)

where a and b are the shares of labour and capital and dQ, dL and dK

are the time derivatives of Q, L and K. Productivity growth as the

measure of technical change is, thus, the unexplained residual in the

growth of output. However, it is believed that the residual simply

reflects 'errors' in the measurement procedure. 	 For instance,

disregard of change in the quality of measured variables and use of

wrong weights may cause such errors (Griliches 1963b). 	 If these

sources of bias are successfully removed, the residual would be the

measure of 'true' total factor productivity or technical change

(Nadiri 1970). However, Jorgenson and Griliches (1967) opined that

this 'residual' would be negligible as most so-called technical change

is embodied.

2.3.2 Production function approach

Griliches (1963b) argued for the superiority of the production

function approach to the conventional factor shares approach in

accounting for the sources of economic growth. His reason for this

was that to measure the part of change in output resulting from the

level of a particular input, the latter should be weighted by the
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coefficient of the input in the production function. Because the
agricultural sector has been in continuing disequilibrium, the

weighting system based on factor shares will be incorrect for

productivity comparison. In a similar vein, Young (1971) acknowledged

the superiority of the production function approach in measuring

productivity change directly, although he employed the ratio method

for want of sufficient time series data. The essential difference

between the ratio method and the production function method of

estimating productivity change lies in the fact that the latter can

explicitly account for the technical characteristics of the production

process, for instance, technical efficiency, economies of scale,

elasticity of substitution and factor intensity.

An approach to measuring technological change is to estimate all

the parameters of the production function for different periods of

time or 'epochs' and compare them (Yutopoulos and Nugent 1976, p.149).

A similar method can be followed in cross sectional analysis of the

agricultural production function, when there are sufficient reasons to

believe that there are differences in the technical efficiency or

structure of production function among homogeneous groups of cross

sectional units. In such case, unbiased estimates can be obtained for

the respective groups, and the differences in the estimated parameters

between the sub-groups can be interpreted as an indicator of technical

change (Peterson and Hayami 1977).

Easter et al. (1977) derived estimates of the aggregate

production function separately for rice and wheat regions in India for

two different time periods and compared regional growth in

agricultural productivity. Figure 2.1 depicts how structural

difference between two production functions can be interpreted as an

indicator of technical change. The observed increase or disparity in

the level of output between two time periods or between two spatial

areas can be attributed to a composite influence of technical change

and increased use of inputs.
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In figure 2.1, the difference in the level of output (Q 2 - Q1)
can be decomposed into different parts, namely, AB, BC and CD, which

are attributable to the increase in input, neutral technical change
and non-neutral technical change respectively.

4-1

X 2

Input

Fig 2.1 Components of Change in Output

A shift in the intercept of the production function refers to an

increase in technical efficiency implying a reduction in the

quantities of all factor used in producing the unit output. It can be

seen as a reduction in the unit cost of all factor inputs resulting

from the application of better techniques. The change in the

intercept in the production function with the ratio of marginal

productivities being constant for a given factor proportion is

equivalent to a homothetic shift in the isoquants. If technology

changes, and the ratio of marginal productivities remains constant for

a given factor proportion, then it is a neutral technical change,
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which is also called Hick's neutral technical change. In this case,

the relative reduction in cost or physical input is equal for all

inputs. On the other hand, if changes in technology results in

changes in the ratio of marginal products, i.e., the marginal rate of

technical substitution, the technological change is non-neutral. The

non-neutrality in technological change is, thus, characterised by a

non-homothetic shift in the isoquant. How much of the change in the

factor intensity is attributable to change in the ratio of marginal

products depends upon the elasticity of substitution between the

factor inputs. Various aggregate studies of agricultural technologies

have utilized flexible functional forms having property of arbitrary

elasticity of substitution between factor inputs in order to estimate

the bias of technical change. The method generally used in such

studies is the utilization of the neo-classical duality theory to

obtain measures of elasticities of substitution between inputs, price

elasticities of factor demand as well as the rate and bias of

technical change by estimating parameters of translog cost or profit

function (Binswanger 1978, Pay 1982, Antle 1984).

2.3.3 Estimating trend 

In applied economic analysis, it has become customary to

introduce a time trend as a proxy for technical change or as a

catch-all for all omitted variables that have a time component but

cannot be easily measured such as education. Measuring technical

change by introducing a time variable is based on the same

conventional wisdom about the 'residual' measure of productivity

growth. The technical change which autonomously shifts the production

function appears as an unexplained component after the function has

been correctly specified.

When crop yield is regressed on weather variable and time trend,

the impacts of weather and technological change are supposedly

isolated (Griliches 1960; Oury 1965; Doll 1967: Francisco 1979 and

others). Griliches (1960), while estimating the aggregate U.S. farm

supply function, used a time trend along with Stallings' weather index

and other price variables. 	 Guise (1969) specified a variable
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indicating the acreage of hybrid seeds as an explicit measure of

technological change, but also used an exponential time trend as a

surrogate measure.

Oury (1965) assumed that crop yield was a linear function of

time, representing technological change, and weather. He estimated

his function for corn yield using data from six States of U.S. for

the periods 1890-1927 and 1928-1956, by using both the composite

aridity index and distinct rainfall or temperature variables. For

both alternative measures of weather, he found that the time trend in

the first period was around .14 bushel per acre a year and in the

second period around .77 bushel per acre a year. This indicated that,

in the United States, technological advance had a greater influence in

the period after, 1928, implying the beginning of an agricultural

revolution in U.S. (Bean 1967). To capture the rapid increase in the

trend of yields since the decade of 30's in the United States, Doll

(1967) used a cubic time function. He derived a monotonically

increasing trend function with a point of inflection around 1944,

after which the trend became much greater.

Shaw (1964) has also argued that a straight line time trend

variable would misspecify the real structure of technological change,

since he believed that the technological trend function followed a

steplike function, in which shift occured with the introduction of new

technology and remained horizontal once all farmers had adopted the

new technology. The Shaw's step function hypothesis of technological

change was supported by the findings of the study on the New Zealand

wheat carried out by Guise (1969), who found that the conventional

time trend variable had failed to attain significance in explaining

the yield variation, where as the specific technological change

variable , namely, the acreage of high yielding varieties had a high

level of significance.

Recently, use of a logarithmic time trend, particularly, in

conjunction with the translog functional forms has become widespread

e.g., Binswanger (1974), McKay et al. (1980 and 1982), Boyle (1982).

But it is shown that the parameter estimates in regression with
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logarithmic time trend are not invariant to the essentially arbitrary

choice of the starting date of time trend. On the other hand, the

invariance property for the parameters, other than the constant and

the coefficient of the time trend, is possessed only by linear or

exponential time trends and by a linear combination of two. (See

Watts and Quiggin (1984) for further detail).

2.4 Summary 

The technique developed by Stallings (1960) to formulate an index

of weather was a milestone in the assessment of crop weather

relationships. Based on experimental plot data, the Stallings index

estimates the extent to which yields depart from trend as a result of

weather. Many other researchers have also attempted to construct

weather indices based on evapotranspiration or soil moisture budgets.

Such indices reflect the bio-physics of plant weather interaction.

Apart from formulating composite indices, a more general and simple

technique is to include elementary measures of certain meteorological

variables, specifically, precipitation and temperature, in a

regression equation relating crop yields with weather.

Two fundamental approaches to the measurement of technical change

viz., the productivity index approach and the production function

approach were discussed. Different authors have argued that the

production function approach is superior to the productivity index

approach, because the former can explicitly account for technical

characteristics of production process, for instance, technical

efficiency, economics of scale, elasticity of substitution and factor

intensity.

Accounting for the impact of technical change on the variation of

crop yields is envisaged as essential in order to isolate the effect

of weather. A customary approach in this regard is to introduce a

time variable into the yield function as an index of technical change.



Chapter 3

ECONOMETRIC ISSUES

3.1 Introduction 

The purpose of this chapter is to throw light on some important

issues which are relevant to the econometric aspects of the present

study. Justification for pooling cross section and time series data

in regression analyses is presented in Section 3.2 along with a brief

discussion of alternative assumptions associated with pooled data

leading to different techniques of estimation. Two important

techniques of estimation, viz., a dummy variable model and an error

components model are introduced. It is contextual here to note that

the estimation of yield responses explained in subsequent chapters is

based on pooled cross section and time series data.

Because of the multiproduct nature of the industry, composite

agricultural output is not invariant under changes in relative prices.

The problem arises because of the fact that output may not be a

monotonically increasing single-valued function of inputs due to the

effect of changes in the relative prices. This is discussed further

in detail in Section 3.3.

Some alternative functional forms, often adopted in the

production function analysis, are put forward. The implications and

the general approach in selecting specific functional forms are also

discussed. Lastly, some potential sources of the specification bias

in production function analysis are pointed out.
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3.2 Estimation of Equations with Pooled Cross Section and Time Series 

Data 

One problem often faced by economic researchers employing

regression analysis is erosion of degrees of freedom in estimation of

parameters owing to insufficient observations. If both time series

and cross-sectional data are available, then the difficulty may be

overcome by combining or pooling them. By pooling, not only are the

degrees of freedom available for estimation and testing of hypotheses

augmented, but also the variability of the observations across the

cross sectional units allows more efficient estimation of parameters

for a given time series. Another benefit of combining time series and

cross section data is avoidance of the autocorrelation complication
which often appears in regression of time series data. On the other

hand, simultaneous equation bias can result from differences in

technical efficiency between firms or the cross sectional units or

change in productivity over time, because such differences will show

up in both outputs and inputs. Use of analysis of covariance with

pooled cross sectional and time series data is justified to avoid

occurence of such bias (Hoch 1962).

Use of ordinary least squares techniques in analysing pooled data

requires careful assessment, as the results obtained may be

incompatible with theoretical expectations. This is because, in this

situation, certain 'other effects' specific to cross-sectional

observations or a time period may be present in the data thereby

giving rise to a hybrid estimate ( Kuh and Meyer 1957, p. 381;

Balestra and Nerlove 1966). Failure to account for these effects

would render the estimation of the parameters biased. In order to

take these effects into consideration, shift variables associated with

both time direction and cross sectional units are explicitly

introduced into the model. These shift variables allow the intercepts

of the equation to vary, as the effects specific to the individual

cross sections or time periods vary.
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An assumption often made in the case of production function

analysis of combined time series and cross-sectional data is that the

different cross sectional units lie on different levels of efficiency,

implying that the intercept terms are different between units, while

the response coefficients of the explanatory variables are constant.

However, other less restrictive assumptions can also be made regarding

the parameters of the function. For instance, all the coefficients,

including the intercept, can be assumed to vary over the cross

sectional units.

The choice of the appropriate model and the technique of

estimation depends upon the specific assumptions made about the

parameters of the model. To be specific, a case is considered, which

is frequently encountered in time series of cross section data, that

the slope coefficients are constant but the intercept varies over

individuals in the sample.

The rationale behind allowing the intercepts to vary is that the

data contain additive effects specific to the individuals. This leads

essentially to two approaches, depending upon further assumptions

regarding these 'effects'. Firstly, the dummy variable or covariance

model is suggested if these effects are assumed to be constant. On

the other hand, if the intercepts are random, the error component

model is appropriate (Wallace and Hussain 1969; Mundlak 1978; Judge

et al. 1980). In this model, the random individual effect appears as

a component of the disturbance term.

3.2.1 Dummy variable model 

Let the general form of the model be
K

(3.1)
	

Y it = bolt +	 bkXkit + Uit
kst

where i = 1,2  3 	 N (cross sectional units),

t = 1,2,3,...,T (time period),

bolt = intercepts,

b k = parameters of K explanatory variables,

Xkit = the K-th explanatory variable for the i-th

cross section in time t,
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Yit = value of dependent variable in i-th cross

section and t-th time period.

In (3.1), if boa t is assumed to be a fixed or non-stochastic

parameter taking different value for each individual cross section,

then the model (3.1) becomes a dummy variable model. Rewriting the

model by introducing the dummy variables to capture the fixed

individual effects gives:

(3.2) Y1t = 13 0 	 CDJ

K

 E b kXkit	 Litt
k = 1

where d i = 1, if j = i-th individual (cross

section),

= 0, if otherwise.

Estimation of (3.2) does not pose any difficulty. 	 Since it is

assumed that E(u it ) = 0, E(u it 2 ) = a ti 2 and E(u it , u is ) = 0, for i	 j
or t s, the ordinary least square estimator (OLSE) is best linear

unbiased estimator (BLUE).

Model (3.2) can also be extended with dummies to account for the

constant effects associated with time direction if the assumption can

plausibly be made that there are effects which are time variant but

constant for individuals.	 The model, in this case, takes the

following form:

K

(3.3)
	

Yit	 bo + a i + at +  E bkXkit	 Uit,
k = 1

where a, is a constant effect associated with each individual which is

time invariant and a t is a constant which does not vary by individuals

but is time variant. Equation (3.3) leads to the analysis of

covariance, which allows one to avoid the regression fallacies

resulting from the presence of those spatial and temporal effects

(Mundlak 1961; Hoch 1962; Johnson 1964).
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3.2.2 Error component model 

Instead of assuming that the intercept bOit in (3.1) is a fixed

parameter, it is now assumed to be an independent random variable with

a mean b. , so that

(3.4)
	

b e , = b. + Pi

where E(11 1 ) = 0, E( 111 2 ) = 02 and

E( 11,10 = 0 for i	 j.

Substituting b. +11, for b oit , equation (3.1) becomes

K

(3.5)
	

Y it = 130 	bkXkit	 Ui	 U1t•
k =1

The basic feature of (3.5) is that the disturbance term is in a

composite form ( Pi + u lt ), in which the component P i captures

relatively time invariant effects associated with the cross-sectional

units and the component u it captures both time and cross-sectional

effects. In passing, note is taken of the fact that (3.5) can be

extended to include a further error component reflecting time periods

just as 11, above reflects the cross-sectional effect.

As indicated earlier, the components of the random error term (Pi

+ u it ) in (3.5) are assumed to have zero means and to be independent

from each other, from which it follows that E(P i , u it ) = 0 for all i

and t. It is further assumed, as before, that there is no serial

correlation between each component of the error term so that

E(	 pi) =	 for i = j

= 0, otherwise

and E(u it , u jt ) = Gu 2 , for i = j and t=s

= 0, otherwise.

In the case of the error component model, the randomness in the

cross-sectional (individual) effects requires the use of the

generalised least squares estimator (GLSE) for the estimation of the

parameters.	 The ordinary least squares estimator is no longer best,
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although it is unbiased, because the covariance matrix is not a scalar

identity (Judge et al. 1982, p. 490).

3.2.3 On the stochastic and non-stochastic effects 

Some arguments advanced against a dummy variable model, such as

(3.2) and (3.3), are that (i) it eliminates a major portion of the

variation among both the explained and explanatory variables, if the

between firm and between time variation is large, (ii) using dummy

variables erodes the degrees of freedom and (iii) it is rarely

possible to meaningfully interpret the dummy variables. Regarding the

stochastic or non-stochastic behaviour of the individual and time

effects, it is also pointed out that there is no reason to treat these

component effects as fixed, since these effects, like the residuals,

are the measures of ignorance (Maddala 1971).

By any means, the choice between the assumption of stochastic and

non-stochastic effects is not always obvious. In other words, the

method for deciding whether an effect is fixed or random is

inadequate, as Mundlak (1978) put it. The general rule of thumb seems

to be that the intercepts or the effects can be treated as random if

the N individuals are a randomly drawn sample from a larger

population. In case of the randomness of the effects the dummy

variable estimator is still BLUE, although the error component model

could lead to a more efficient estimator. Mundlak (1978), however,

argued that if the effects associated with the cross-sections are

correlated with the inputs, the error component model has

characteristics similar to those associated with omitted variable

misspecification. It is to eliminate such biases that the use of

analysis of covariance is justified (Mundlak 1961; Hoch 1962). In

present study, correlation between the regional effects and the inputs

can be quite logically assumed, as the economically better off and

technically efficient regions are likely to have both higher levels of

the use of inputs and higher effects. In this case, the GLSE will be

biased but the dummy variable model would, still, possess a best

linear unbiased estimator. 	 (For further discussion on this, see

Mundlak (1978).)
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3.3 Aggregation of Output in Multiple Production or Yield Functions 

The distinction between the production functions at farm-firm

level and those at macro level lies mainly in the degrees of

aggregation involved in the measurement of variables. Production

functions at farm-firm level and macro level have differing resultant

policy implications. The higher the degree of aggregation beyond the

farm-firm level, the less the relevance of the estimated function to a

farm operator in decision making. But a macro level production

function has uses in its own right. In particular it should have

implications pertinent to the macro level policy variables.

Before estimating the parameters of an aggregate production or

yield function, allowance must be made for the fact that agriculture

is a multiproduct industry. The problem of aggregation is involved in

the derivation of an aggregate production function from those of

individual partial processes making up the whole (Upton 1979). The

problem, basically, is the same whether the function is derived at the

farm-firm or macro levels. It arises because of the susceptibility of

the estimated parameters to possible distortions caused by

aggregation. Estimating the functions for each individual enterprise

would avoid the problem of aggregation but, very often, the input uses

for individual products are not separable. This is very much so at

the aggregate level of the region or the nation. Provided that

information regarding the individual crop output and inputs is

available, separate functions can be fitted for each crop or

enterprise. However, account must be taken of the interdependence, if

any, between the enterprises, in which case, the functions for

individual enterprises should be estimated as a system under the

assumption of a joint relationship (Heady and Dillon 1961, p.227 ).

Very often, the route taken by the empirical researchers is to

aggregate the 'value' of output from all enterprises using fixed price

weights. Such a measure of aggregate output is based on the

assumption that relative prices of different products are the same

between both regions and years. Although the assumption is not always

tenable, the composite production function cannot be estimated without
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correcting for the differences in relative prices. For the production
function to be a monotonically increasing single valued function, it
is required that, for a given bundle of inputs, there must be one and

only one output. The problem arises from the fact that the composite

output is not invariant under changes in relative prices. In other

words, an increase in total quantity of inputs could be accompanied by

an increase, no change or a decrease in composite output due to the

effect of changes in relative prices. Mundlak (1963) depicted this

situation with the help of transformation curves and suggested the

deflation of the value of output by an appropriate price index in

order to correct for the differences in relative prices. Deflating

the value of output, however, amounts to the evaluation of output at

fixed prices, which is what Mundlak (1961) did when he estimated a

production function to deal with management bias. The same was done

by Easter et al. (1977) to compare growth of regional productivity in

Indian agriculture and by Chapagain (1976) to estimate marginal value

products of factor inputs for Nepalese agriculture. The need to

deflate the cross-sectional value data for regional price differences

was also pointed out by Griliches (1963a).

Differences in cropping patterns between regions and time periods

require consideration of the product mix, since changes in cropping

patterns lead to variation in aggregate output, which is not

necessarily explained by the specified variables in the function, such

as fertilizer. Thus, in the case of significant differences in the

cropping pattern between regions, improved estimates of the production

function should be obtained if allowance is made for the difference in

product mix. For instance, Griliches (1963a) found substantial

improvement in estimates of responses in the other factor inputs when

the variation in product mix was taken into consideration by adding a

variable measuring the percentage of output accounted for by the

livestock products. The importance of considering differences in

cropping patterns as one of the factors explaining variations in

outputs and yields has also been highlighted by some authors such as

Narain (1977) and Vidyasagar (1980).
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3.4 Choice of the Functional Form 

One of the most widely used production functions for empirical

estimation is the Cobb-Douglas function. The widespread popularity of

this model is attributable to its qualification that it provides a

compromise between (a) adequate fit of data, (b) computational

feasibility and (c) the need for sufficient degrees of freedom in

statistical testing. 	 In addition, it yields estimates of the

elasticities directly and permits the phenomenon of decreasing returns

to be manifested using a relatively uncomplicated function. Perhaps

the most critical argument against the Cobb-Douglas model is related

to its assumption of unitary elasticity of substitution.	 Any

restriction on the elasticity of substitution results in a biased

measure of technical change. But, if a priori knowledge suggests that

the elasticity of substitution is unity or close to unity, the

Cobb-Douglas type function is still acceptable. 	 The constant

elasticity of substitution (CES) production function is a

generalization of the rather restrictive Cobb-Douglas function by

permitting the elasticity of substitution to be equal not only to

unity, but also to any other constant (Arrow et al. 1961). The CES

function is of the form

(3.6)	 Y = AML- b + (1-d)K-b]-1/b

where A is the scale parameter (A > 0), d the distribution

parameter (0 < d < 1) and b the substitution parameter (b > or = -1).

The CES function is, indeed, a family of production function that

includes, as special cases, the Cobb-Douglas, input-output and the

linear production functions. 	 Solving for the elasticity of

substitution, a, from (3.6) yields

(3.7)	 a = 1/(1 + b).

From (3.7) it follows that when b = -1, 0 = infinity, implying
that the CES function reduces to a linear function with a straight

line isoquant. On the other hand, as b approaches 0 (i.e., a tends to

1), the CES function approaches the Cobb-Douglas. Similarly, taking
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the limit as b tends to infinity (i.e., 6 tends to 0), the CES

function approaches an input-output production function with right

angled isoquants.

Another way of generalizing the Cobb-Douglas production function

is the formulation of the transcendental logarithmic production

function, which is expressed in the following form

(3.8)	 lnY = A + a lnL + b lnK + c lnL inK + d (1nL) 2 + e (lnK)2.

The last three terms of (3.8) are the modifications of the

Cobb-Douglas function which change the elasticities of substitution

from unity. This function allows arbitrary and variable elasticities

of substitution among factors. It provides a second order

approximation to an arbitrary production function at any given point

(Christensen, Jorgensen and Lau 1973). The conclusion can be drawn by

comparing the three types of functions discussed above that the basic

differences between these functions lie in the assumptions regarding

the ease of substitution between the factor inputs.

It is also common to estimate production or yield functions as

polynomials without concrete reasoning as to why the response surface

may be approximated by a polynomial. A polynomial form is a Taylor

series expansion, which gives local approximation of an unknown

production surface. It is customary to estimate polynomials of first

or second degree depending upon the area of the surface required to be

fit. The larger the area of the production surface to be

approximated, the higher should be the degree of the polynomial. (See

Heady and Dillon 1961 for further discussion on different algebraic

forms of production function.)

Some researchers choose a function which appeals to the a priori 

hypothesis about the underlying production structure. In the absence

of such an a priori hypothesis leading to a specific functional form,

several algebraic forms are estimated and the one which demonstrates

the best performance in terms of goodness of fit, statistical

efficiency and economic viability is accepted as the best. 'However,

neither of these types of criteria provides clear and unambiguous
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guidance,	 so choice of functional form is inevitably somewhat
arbitrary' (Upton 1979). 'There is no magic rule which will tell us

which is the appropriate model to employ for a given empirical

problem' (Goldberger 1968, p.125).

3.5 Specification Errors 

'Some times we may know what we want, but even then it may be

impossible to get it.	 Either there are no pertinent data or the

variables are non-measurable or our budget and computational

facilities are limited. Hence, we exclude variables, accept

approximations, aggregate, and commit various other sins of omission

and commission.	 The statisticians call these 'specification

errors i (Griliches 1957, p.8).

The omission of relevant variables and inclusion of irrelevant

variables are two most common errors of specification. Of the two

types of misspecification, the omission of relevant variables is more

critical though sometimes inevitable, as Griliches intimates. If a

relevant variable is omitted, the estimates of the parameters of other

included variables may be biased. Suppose that the true model is

(3.9)	 Y, = bo + b i X ii	 b2X2i	 Ui,
then, the effect of excluding X21 can be shown by the expression

(3.10)	 E(b1) = 10 1 + b2.1;2.1,
where b 2 . 1 is the slope coefficient, if X2 is regressed on X1.

The magnitude of the bias in the estimator b 1 will depend upon b2
and the degree of correlation between X2 and X 1 . The sign of b2:1:D2.1
determines the direction of bias. The omission of relevant variables

from the model also causes an overestimation of residual variance.

For the estimated variance e i 2/(n-k) will be larger when the

variables are omitted. This results in larger standard errors

rendering the inferences about the parameters inaccurate. However, if

the omitted variable is orthogonal to the included dependent variables

(i.e., b 2 . 1 = 0 in (3.10)), then, no bias will occur. But in the case
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of the production function, the estimate of the returns to scale will

still be biased, even if the excluded variable is orthogonal to other

independent variables. Under the non-negativity assumption about the

coefficients of the production function, the return to scale will be

biased downward by an amount equal to minus the coefficient of

excluded variable. Using a Cobb-Douglas production funcion, Griliches

(1957) has shown that returns to scale would be underestimated if the

excluded variable varies less than proportionately with the included

variables. Griliches has also shown that disregarding quality

differences in measuring labour inputs led to an upward bias in the

estimate of elasticity of capital, downward bias in the estimate of

elasticity of labour and to a downward bias in the estimate of returns

to scale. In fact, in the case of the Cobb-Douglas function, ignoring

quality differences is equivalent to the omission of the multipliers

associated with the inputs, which would enable the inputs to be

validly aggregated into a homogeneous form. The problem associated

with the aggregation of input categories is also discussed in Upton

(1979).

Biases occur in estimating parameters by using log linear

functional forms, when some of the observations in the sample have

zero or non-positive values (Jorgenson and Rausser 1971). The problem

arises when modification of the sample data - for instance, adding

some positive constant to all observations or replacing the negative

values with some positive constant or excluding the observations

having zero or negative values - are applied in order to permit the

estimation by using the loglinear form. The authors have suggested

the alternative loglinear forms which are asymptotically unbiased and

efficient, but the improvement in efficiency occurs for relating small

sample sizes and small proportion of zero or negative values in the

sample.

Including an irrelevant variable into the specification does not

introduce biases into the parameter estimates. But the estimates lose

precision unless the irrelevant variable, which is included, is

orthogonal to other explanatory variables.
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3.6 Summary 

Pooling cross section and time series data is justified mainly on

two grounds. First, it increases the degrees of freedom available for

estimation of parameters and second, it avoids the autocorrelation

complication which often appears in regression of time series data.

In regression analysis using pooled data, account must be taken of the

effects specific to cross-sectional observations by "allowing the

intercepts of the equations to vary. Using a dummy variable model is

the customary way of accounting for such cross-sectional differences.

The problem of aggregation is involved in the derivation of an

aggregate production function. It arises because of the

susceptibility of the estimated parameters to possible distortions
caused by aggregation of individual partial processes involved in the

individual enterprises. Apart from this, changes in the prices of the

products constituting aggregate output could, by altering the value of

the aggregate, give a misleading impression of change in the quantity
of output. Very often, the route taken by the researchers is to

evaluate the value of aggregate output from all enterprises using

fixed price weights. The importance of considering differences in the

cropping pattern as one of the factors explaining variation in

aggregate output has also been highlighted by some authors.

Choice of functional form is somewhat arbitrary. 	 Normally, a

function which appeals to the a priori hypotheses about underlying

production structure is chosen. In the absence of an a priori 

hypothesis, one which demonstrates the best performances in terms of

goodness of fit, statistical and economic viability is accepted.

Finally, specification biases in estimation of parameters arising
from omission of relevant variables and failure to account for quality

differences are discussed.



Chapter 4

METHOD OF ANALYSIS

4.1 Introduction 

This study was initiated with its focus on the measurement of

rate and bias of technical change as well as on the estimation of

elasticities of factor substitution and price elasticities of factor

demand in Nepalese agriculture. The intention was to utilise

neoclassical duality theory following Binswanger (1978) and Ray

(1982). Translog cost function for multiple output with time variable

as an index of technical change was to be estimated, but, due to the

lack of reliable annual time series data on variables such as the

prices and quantities of farm labour, land, draft animals and farm

machinery in different regions, the translog cost function (duality

relation) could not be used.

Technological change can also be measured by estimating

parameters of production function for two different periods

representing old and new technologies (Yotopoulos and Nugent 1976,

p.145; Horton 1984). But, while the data on the conventional inputs

are not obtainable, the time series of output and inputs for a short

period of ten years utilised in this study are not distinctly

separable into 'old' and 'new' technologies. These data limitations

not only ruled out this type of analysis but also forced revision of

the objectives and scope of the entire study to the form presented in

this dissertation. In keeping with the revised objectives, yield

response equations were estimated with a time variable as a surrogate

for technical change. Using a time trend in a yield response equation

is a conventional technique to isolate the effect of weather and other

inputs from that of technical change (see Section 2.3). Its use

enables increased understanding of a problem which could otherwise not

be analysed.
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4.2 Crop Weather Relationship 

It is the purpose of this section to develop an empirical model

of weather response for principal crop activities in Nepal, namely

paddy, maize, wheat, millet and potato, with a regional focus on the

Hills and Terai. The rainfall variables are used as measures of

weather phenomena, according to the hypothesis that rainfall is the

most important factor explaining annual variation in yields. However,

the significance of temperature variables is also assessed. Time

trends are used as a surrogate measure of technological improvements

in individual crop yields.

4.2.1 The model 

Initially, a linear relationship is assumed between aggregate
crop yields and weather factors, measured in terms of annual rainfall

in each region and annual average maximum and minimum temperature.

This should throw light on the relative importance of these climatic

factors in explaining the variation of the aggregate crop yields. The

suitability of an aridity index as a proxy measure of the degree of

moisture ((Jury 1965) is also assessed. This index is derived simply

by dividing rainfall by average temperature.

(4.1)	 AI = R/T.

This ratio implies that the effectiveness of rainfall varies

directly with precipitation and inversely with temperature. Since

temperature is the major factor contributing to evaporation, the
higher the temperature with a given amount of precipitation, the lower

is the aridity index. A lower aridity index means a lower degree of

moisture or humidity. The suitability of this variable is tested

against the regression equation with elementary weather variables

mentioned below. The alternative regression equations considered are

(4.2)	 Y = a. + Eb j D j + a 1 RF + a 2MAXT + a3MINT

+ gT + u,
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(4.3)	 Y = a 0 ' + Eb j 'D j + a l 'AI + g'T + u', and

(4.4)	 Y = ao" + Eb j "D j " + a 1 "RF + g"T + u"

where Y = value of aggregate crop yield (Rs/ha),

D j = dummies for sub-regions (cross sections in

the pooled data),

RF = annual rainfall of each sub-region in

millimeters,

MAXT = average maximum temperature (°C) of each

sub-region,

MINT = average minimum temperature (°C) of each

sub-region,

AI = an aridity index, which is expressed as

average rainfall divided by average

temperature and

T = time trend.

Apart from the above, a set of yield-rainfall models is also

formulated as linear equations, relating yields of a particular crop

activity to the relevant seasonal rainfall and a time variable.

Higher degree polynomials were also considered, as alternatives to the

linear forms. There are two functions to be estimated for each crop

activity, one each in the Hills and in the Terai. This amounts to two

groups of functional relationships each consisting of five functions

for the five crop activities. The yield-rainfall model for the nth

crop activity for a particular region is formulated in linear form as

below:

(4. 5 )
	

Yn = a 0 + Eb i D j + EaORns	 gTn	 Un

where Y n = yield (t/ha) of crop n (n = 1,2,3,.,5)

D i = dummy for the jth sub-region within

the region (Hills or Terai),

R n , = rainfall (mm) during relevant season s,

T n = time trend associated with nth

crop yields,



41

U n = the random disturbance term.

The variables are measured in time series for each of the five

sub-regions in both the Hills and Terai. The dummies are introduced

to capture the additive cross sectional effects in crop yields.

However, only those dummies that have statistically significant

coefficients are retained.

The most critical rain for crop yields is that which falls in the

sowing and growing seasons. 	 Rainfall variables are, therefore,

different for different crops, because their planting and growing

seasons are different. The seasonal rainfall for each sub-region is

the weighted average of rainfall in districts which make up the

sub-regions - the weights being calculated as the shares of the

districts in total sub-regional output of the particular crop for

which the rainfall is being considered. For some crops the critical

growth periods overlap, but the measures of rainfall are not the same,

because the weights are dependent on the crop. This is discussed at

length in Section 4.5.5.

The time variable is related to the Nepalese fiscal year (FY)

beginning from mid-July. The data span the period from FY 1971/72

through FY 1980/81. The time variable assumes the values 1 for FY

1971/72 to 10 for FY 1980/81.

4.2.2 Zellner's estimator of a system of seemingly unrelated 

equations 

Equation (4.5) can be estimated using the ordinary least squares

method (OLS) separately for each crop activity, provided that the

disturbance term in each equation is normally distributed with zero

mean and a constant variance. If these assumptions hold, OLS leads to

the best estimator, i.e., an estimator with minimum variance.

However, there is reason to believe that the disturbances in the

equations for individual crops within a region are not independent

from each other. Such a situation occurs when the factors not

accounted for in the function, such as frosts and disease, exert

similar influences on all the crop yields within the region in a given
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period of time, resulting in a situation with contemporaneously

correlated disturbances. In this case, the OLS method will not yield

estimators with minimum variances, because, by using this method, one

is ignoring an important piece of information about the correlation of

the error terms across the individual equations. Efficiency in

estimation can be gained by considering all the equations as a system

of seemingly unrelated regression equations (Zenner 1962).

The procedure of estimation follows two stages. First, a

variance-covariance matrix of the disturbances is constructed using

OLS. Second, all the observations are weighted by the elements of the

inverse of the variance-covariance matrix to obtain the generalised

least squares estimates of the parameters. The procedure is akin to

the GLS used in the case of heteroscedastic disturbances in single

equation models. The fundamental reason for inefficiency in the OLS

estimates in the presence of heteroscedastic observations is that OLS

treats all observations as being of equal importance. Weighting the

observations by the inverse of variance implies giving more importance

to the observations having smaller variances, since those observations

relay more information about the true parameters (see Doran and Guise

1984, Section 8.3).

Consider the following two equations with different dependent and

independent variables:

(4.6)
	

Yit = b l X it	 Ult

(4.7)
	

Y2t = 13 2 X 2t	 U2t

t= 1,2,3 ..... T.

It is assumed here that the disturbances u lt and u2t are

contemporaneously correlated, so that equations (4.6) and (4.7) are

required to be estimated as a system of seemingly unrelated regression

equations. The point to be noted here is that the disturbances in

each equation can be assumed to be homoscedastic, but when the

equations are grouped for all observations and estimated together,

there may be a problem of heteroscedasticity, because there is no

assumption about the equality of variances between equations.
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Thus, for equations (4.6) and (4.7), the following are assumed

about the residuals:

E(u lt ) = E(U2t) = 0,

E(U1t 2) = 612, E(U2t 2 ) = 622,

E(u 1t ,u 2t ) = a12 = a21,

E(u it ,u i .) = E(u 2t ,u2 5 ) = 0, for t	 s.
The expression for the value of estimator can be obtained as follows:

(4. 8 ) =

where b = Ibil

1b21

X = X 11	 0 , Y = y il
X12	 0 Y12

•	 • •

•
X1T	 0 Yit
0	 X21 Y21
0	 x22 Y22

•

• •

0 x27 Y2 T

E - 1 = Et-1 ® IT
E t is the variance covariance matrix of disturbances u lt and U2t,

	

i.e., Et = I 011	 0121

	

I 221	 0221

- 1 = i Gil
I a21

I t = identity matrix of order T.

Of all the estimators that are unbiased and the linear function

of Y, b has the minimum variance. The covariance matrix of b is

defined as

(4.8)	 V(b) = (X'E-1X)-1

= I  al txt t2	 cyl
,,1tX2t1-1

I621X2tX1t 622x2t2

Et
0-121

G221
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It is noteworthy here that the higher the correlation between the
disturbances of the equations, the bigger the gain in the efficiency

in estimation of the parameters. The estimators will reduce to OLS

estimators if c = 0 for all i j (i.e., the off-diagonal elements

of the variance-covariance matrix of the disturbances are zero ).

Too, if the explanatory variables in all the equations are the same,

the estimators obtained from Zellner's technique will be identical to

the OLS estimators.	 (For further discussion, see Zellner (1962),

Zellner and Huang (1962), Judge et al. (1980, pp. 245-51)).

4.3 Aggregate Yield Function 

An aggregate yield function is specified with the assumption that

the crop yield from a particular unit of land is a function of the

inputs of fertilizer, high yielding varieties, irrigation as well as

the effect of weather. 	 The choice of explanatory variables to be

included depends largely upon the availability of data. The social

inputs such as research and extension could not be included, because

of the unavailability of data on a regional basis. Variation in soil

fertility could also not be explicitly accounted for. However, some

inferences may be made about the spatial differences in the soil

fertility through the use of cross-sectional dummies. The function is

not derived for the individual crops, since data on the use of the

inputs by those crops are not available. The distortion caused by the

aggregation sets a limit to the meaningful interpretation of estimated

parameters, to the extent that particular input quantities cannot be

associated with each crop activity.

A Cobb-Douglas type function which is linear in logarithms is

chosen, because of its ease of manipulation and interpretation and

adcquate fit of data.

A test derived by Box and Cox (1964) was used to judge the

loglinear form against the linear one in describing the data. A

higher value of lambda at a conventional level of confidence justified

the choice of loglinear form. The aggregate yield function in

logarithmic form is specified as
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(4.9)	 1nYtt = b. + E r j D j + E bklnXkit	 gt + uit
3	 k

where	 i = 1,2 	 N(cross-sectional units, i.e.,

sub-regions)

t = 1,2 , 	 T(time-period),

Yit = value of aggregate crop yield (Rs/ha) in ith

sub-region in

time t,

Xkit = kth aggregate input in ith region in time t,

t = a time trend,

U it = an unobserved stochastic variable assumed to

have a normal distribution,

D, = dummy for sub-regions (j = 1,2,...,N-1)

In order to test the structural differences between the

parameters of the yield function in the Hills and the Terai, the model

(4.9) is estimated separately for both as well. It is assumed in the

present study that the factor responses are the same for all the

sub-regions within the Hills and Terai, but the intercepts might be

different, implying varying spatial effects on the aggregate yields.

Such variation may be due to differential levels of technology and

soil fertility. It is difficult to associate the differences in

intercepts to a single cause (Maddala 1971)

The coefficient associated with the time trend is a measure of

constant annual rate of change in aggregate yield. Introducing the

time trend, as indicated in Section 2.3.3, is an attempt to measure

the technical change as the unexplained component, which autonomously

shifts the production or yield function after the function has been

'rightly specified'. Equation (4.6) will be estimated separately for

two different time periods, viz., FY 1971/72 to FY 1974/75 and FY

1976/77 to FY 1980/81 to investigate any structural changes in the

parameters. The neutral or non-neutral shifts in the function would

be indicated by the differences in intercepts and reponses over time.

The choice of the periods for temporal comparison is based on the

apparent differences in the annual trends of aggregate yields, which

seemed to be relatively unstable in the post-1975 period (See Appendix
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Figure B.2).

4.4 Specification of Regions and Sub-regions

In order to restrict the scope of the empirical study to feasible
limits, it was decided to study the Hills and Terai regions and to

exclude the Mountains, latter being relatively less important from the

point of view of crop activities. The distinction between the Hills

and the Terai as two broad regions is justified by the agroclimatic as

we).1 as the economic differences. Further classification of the Hills

and Terai regions is based on the five development regions of the

Kingdom. The divisions of development regions are meant to facilitate

decentralization of economic and administrative authorities. The

di stricts in each of the five development regions are regrouped into
Hills and Terai sub-regions, excluding those in the Mountains. By no

means can the districts within the development regions be arranged in

"watertight" regions which are exclusivly hilly or plain.	 This is

because the districts are not defined according to topographical

factors. Nevertheless, they are a reasonable approximation of

specification between the Hills and Terai. Thus, five development

regions are broken down into ten sub-regions, two each in one region.

Altogether, 59 districts are covered, of which 39 are classified as

Hilly districts and the rest as Terai. The classification of the

regions and sub-regions for the purpose of this study is presented in

Table 4.1.

The regions and sub-regions are specified in such a way as to

arrive at a compromise between acquiring sufficient degrees of freedom

for the estimation of regression parameters and the geographical

compatibility of the available data. The weather and output data are

easily obtained for all the districts. For some variables, however,

data are not available on a comparable regional basis for some or all

years. Such a problem is encountered with the observations for the

Mid-western and Far-western Regions. This is because the Mid-western

Region was carved out of the Far-western Region recently and most of

the statistics before that were available according to the old
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Table 4.1

Classification of Regions and Sub-regions

Region	 Sub-region

Hills

Terai

Eastern Hills

Central Hills

Western Hills

Mid-western Hills

Far-western Hills

Eastern Terai

Central Terai

Western Terai

Mid-western Terai

Far-western Terai

regional classification. In order to make all the variables

geographically compatible, particularly for the estimation of an

aggregate yield function, only eight sub--regions are classified, four

each in the Hills and the Terai. Because of measurement difficulties,

some variables specified in the aggregate yield function are not

broken down into Far-western and Mid-western regions throughout the

span of data. However, time series for all ten sub-regions are used

in the yield rainfall relationships for individual crops, because the

data on production and cropped area of the individual crops and

rainfall are obtained on the district levels which are used to arrive

at required cross-sectional aggregates.

4.5 Definition of Variables and Data

In this Section, the definition and measurement of variables

specified in the models to be estimated are discussed. There are a

number of conceptual problems associated with the aggregation of micro

relationships into a single macro relationship. 	 Aggregation of

outputs of various crops, for instance, can pose a problem sufficient
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to introduce considerable biases into the estimates. These

difficulties were briefly discussed in Section 3.2. Aggregation of

physical units of inputs without allowing for quality differences can

also introduce specification bias into the model.

It is assumed that relative prices of agricultural products,

namely paddy, maize, wheat, millet and potato are constant across

regions and through time. This may not be realistic, but the

assumption is prompted by the need to evaluate the products at the

constant price relatives. Fortunately,, quantity data on all the

outputs could be obtained which are easily converted into the value

equivalents by multiplying by the constant price weights. Had there

been only the value data available, there would have been the need to

deflate it by some price index (Mundlak 1963). Regarding the quality

differences in inputs, no adjustment could be made because of the lack

of information.

4.5.1 Measuring crop yields

The production and cropped area of principal crops are obtained

by districts from the Department of Food and Agricultural Marketing

Services for all the development regions. Detailed records on

production and cropped area are also maintained by the Agricultural

Projects Services Centre, Kathmandu. The five principal crops, viz.,

paddy, maize, wheat, millet and potatoes are considered. These crops

account for about 85 per cent of total cropped area. The data were

obtained for sixteen years starting from the FY 1967/68 to FY 1982/83.

The physical quantities of the products (measured in metric tonnes)

are converted into values by multiplying them by the national average

retail prices of those products for the FY 1970/71 (selected as the

base year). Price data were also obtained from the Department of Food

and Agricultural Marketing Service. The gross values of agricultural

output derived for the districts are summed to arrive at the

sub-regional aggregates, namely, Eastern Hills, Eastern Terai and so

on. These aggregates form the cross-sectional units for the pooled

data used throughout this study. The aggregate yields for the

sub-region is, thus, derived by dividing the total value of output of
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the particular sub-region by the gross cropped area.

The individual crop yields, measured in terms of kg/ha of cropped

area, are calculated by dividing the total output of a particular crop

by its cropped area for each sub-region.

4.5.2 Chemical Fertilizer 

Fertilizer usage is measured as the total nutrients (t), viz.,

Nitrogen (N), Phosphorous (P) and Potassium (K) sold in each year in

each sub-region. This measure is the unweighted sum of the three

nutrients. The data on this are obtained from the Agriculture Inputs

Corporation (AIC 1983). But for the period from FY 1971/72 to FY

1974/75, the data derived by Chapagain (1976) are used. The sources

of his data were various reports published by the Department of

Agriculture and the Agriculture Inputs Corporation (AIC). But his

data did not have the breakdown for the Mid-western Development

Region. Hence, • to make all the series comparable, the Mid-western

Hills and Terai are merged with Far-western Hills and Terai,

respectively, so that the time series of only four cross-sections in

each of Hills and Terai are combined for the estimation of the

aggregate yield function.

4.5.3 Irrigation

The input of irrigation is measured as the total hectares of

irrigated area in each sub-region.	 The information on various

irrigation projects and their command areas are obtained from the

Department of Irrigation. As in the case of fertilizers, the

irrigated areas from the FY 1971/70 through FY 1974/75 are adopted

from Chapagain (1976) and annual series for each sub-region is

extended till FY 1980/81 with the information obtained from the

Department of Irrigation. The data obtained from Chapagain (1976) for

the period prior to FY 1975/76 were estimated by extrapolating on the

basis of the estimated data obtained from the Agricultural Census of

1961 and the estimated series for 1976 published in Agricultural

Statistics of Nepal. Also, the information used to extend the series
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for the years following FY 1974/75 are the additional areas receiving

irrigation facilities from old as well as new irrigation projects.

The area irrigated in minor irrigation projects undertaken through

people's participation at the local level is excluded, because

information on such projects is not easily obtainable. Also, most of

these small projects, built by local people, suffer extremely from

lack of maintenance, leading to irregularity or virtual cessation in

the flow of water soon after construction.

4.5.4 Improved varieties 

The total amounts of sales of improved varieties of paddy, maize

and wheat sold in each sub-region in each year are obtained from AIC,

just as for chemical fertilizers. District sales of seeds in metric

tonnes are aggregated for the districts in respective sub-regions.

These figures do not represent the actual use of improved seeds by the

farmers. The reason for this is that there is a certain amount of

local diffusion of improved seeds, which is not accounted for by the

sales of AIC. A realistic measure of the use of these seeds,

including local multiplication, is not available. Therefore, it has

become necessary to fall back on the assumption that the actual amount

of improved seed used by the farmers are some constant multiple of the

sale of seeds by AIC, so that the bias would be constant over time and

would appear only in the regression intercepts.

4.5.5 Weather 

Availability of soil moisture is one of the most important

climatic variables affecting plant growth and yield. Variability of

weather conditions, particularly rainfall, both within and between

seasons, accounts for much of the variation in agricultural yields

(Niall and Smith 1984). As noted earlier, the approach used in this

study to account for the impact of weather on yields is the explicit

inclusion of weather variables, namely, precipitation and temperature,

in the yield function. The difficulty faced in the measurement of

weather variable is caused by the fact that almost all of the economic
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variables refer to areas, whereas the climatic data are usually

related to particular places where the weather stations are located.

In order to overcome this incompatibility between the weather and

economic data, Maunder (1972) has developed a system which allows the

weather and climatic indices to be computed on a regional or national

basis. In formulating the weather indices for counties in New

Zealand, Maunder has asserted that the assessment of the effect of

weather on economic activity in any month or season should take into

account the relative significance of 'activities' in various areas.

The assessment of the weather in any season was based upon the

weighting of the climatic data pertaining to a particular

climatological station. The weighting of climatic data for each

geographical county used by Maunder -was the contribution of that

county to the national total 'population' or 'area'. The weighted

county indices were then combined into regional indices using the

following formula:

(4.10)	 I = ER,E i / EEi

where R i = the rainfall at county i,

E i = percentage of the national economic

parameter in county i,

The economic parameter could be any activity such as crop

production, livestock population etc. so that the indices applicable

to different activities are different.

In the present study, the technique suggested by Maunder is

followed basically. Climatological stations are selected so as to

represent each district. The data on precipitation and temperature,

collected at the climatological station in each district, are

multiplied by the contribution of that particular district to the

total regional output of the specific crop. The weights are different

for different crops, and so, consequently, are the rainfall and

temperature indices. The district totals are added to arrive at the

sub-regional weighted average rainfall or temperature. The rainfall

indices thus derived for separate seasons for individual crops are

included for the estimation of the parameter of the regional system of
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yield rainfall relationships (Section 4.2). By the same way, in the

case of the aggregate yield function, the index is derived for the

annual rainfall and average temperature for the sub-regions weighted

by the aggregate output including all five crops.



Chapter 5

RESULTS AND ANALYSIS

5.1 Influence of Climatic Factors on Aggregate Crop Yields

The ordinary least square estimator of the equations (4.2), (4.3)

and (4.4) are presented below. The t-values are presented in

parentheses below the corresponding coefficients. The dummies for

only two subregions, namely, Eastern Hills and Central Hills are

retained in the equations, since those for others have insignificant

coefficients (significant at lower than the 80 percent confidence

level). The equations are estimated by pooling time series of all the

cross sections within the Hills and Terai.

(5.1)
	

Y = 2013.200 + 523.500	 + 498.200 Da, + 0.115 RF

(10.093)	 (7.286)	 (5.838)	 (2.598)

+ 2.700 MAXT - 1.400 MINT - 22.900 T,

(0.223)
	

(-0.070)	 (-3.485)

§ 2 = 0.689,

R2 = 0.712,

n = 80.

(5.2) Y = 2139.900 + 476.600 D 9, + 463.400 Da + 0.170 AI

(24.515)	 (8.809)	 (7.683)	 (2.031)

- 23.400 T,

(-3.689)

Te = 0.686,
R2 = 0.701,

n = 80.



54

(5.3) Y = 2067.700 + 507.400 Dm + 492.300 Do i + 0.110 RF

(21.643)	 (9.525)	 (9.207)	 (2.628)

- 22.3 T,

(3.732)

R2 = 0.696,

R2 = 0.712,

n = 80.

The coefficients of the dummies for Eastern Hills and Central

Hills (Dm and Da respectively) are significant at the 1 percent

level in all three equations, viz., (5.1), (5.2) and (5.3). This

implies that the level of yields in those two subregions were

relatively higher than in the other subregions. This can be observed

from Figure B.2 in Appendix B, in which the graph of the annual

variation in aggregate crop yields of Eastern Hills and Central Hills

lies remarkably above those of other subregions. It is hard to

pinpoint specific factors leading to the significant coefficients of

these regional dummies other than nominating a host of possibilities

including relatively higher levels of technology or soil fertility

etc.

Allowing for the linear influence of time, cross sectional

dummies and maximum and minimum temperatures, the value of aggregate

crop yield increased on the average by Rupees (Rs) 0.115 ( A$ 1.00 =

Rs 15 approx.) for each increase of one mm in rainfall. Tests for the

significance of the parameter estimates in (5.1) and (5.3) suggested

the relatively greater importance of rainfall variable compared with

temperature. The coefficients of rainfall in both equations are

significant at the 1 percent level, whereas those of the temperature

variables (both maximum and minimum ) in (5.1) were significant at

less than the 50 percent level. Thus any possibility that the

parameters of the temperature variables having values significantly

different from zero could be comfortably rejected. Further, the

estimated marginal response of aggregate yield to rainfall did not

vary remarkably when the temperature variables were not taken into

account. In other words, omission or addition of the temperature

variables did not bias the coefficient of rainfall, because there was
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no significant correlation between rainfall and temperature. The

result also showed that, when the effect of weather was allowed for in

all estimated equations, the coefficient of the trend variable

remained stable. All the equations suggested that the aggregate

output per hectare of cropped area was declining at the linear rate of

about Rs. 23.0 a year. On the other hand, the value of adjusted R2

showed some increase in (5.3) compared with (5.1). These observations

led to the conclusion that temperature was not a relevant factor

affecting the variation in crop yields in Nepalese agriculture.

Although it is difficult to generalize temperature condition in

the country because of its diversity in topography, in the low lands

and midlands where the principal crop activities are centred, the

temperatures are higher and the range of variation smaller. The

coefficients of variation of average maximum and minimum temperature

(14 percent and 16 percent respectively) were relatively smaller

compared with that of annual rainfall (23 percent). The relatively

small variation of the temperature variables led to the larger

variances of the estimated parameters and, hence, to the unreliability

of the estimates. Temperature causes yield variability mainly in the

temperate zones. But the Terai region and other low land valleys

which contribute major share of the total national output lie in the

semi-tropics where moisture and pests are the main causes of yield

variability.

Equation (5.2) was estimated by collapsing annual rainfall and

temperature into an aridity index (see Section 4.2). 	 As noted

earlier, the aridity index,	 AI,	 is a proxy measure of

evapotranspiration or more appropriately of the amount of moisture.

The inclusion of AI did not improve the value of the adjusted R2

whereas the variance of the coefficient of the aridity index itself

was higher than that of rainfall in both (5.1) and (5.3).

Comparison of equations (5.1), (5.2) and (5.3) shows that

rainfall alone as the elementary measure of weather could best explain

the variation in crop yields. Use of the aridity index does not

appear to be justified as it did not improve the coefficient of
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determination or the precision of the parameter estimates in equation

(5.2). Separate temperature variables were found to be redundant as

their coefficients were not significantly different from zero.

5.2 Systems of Yield Rainfall Equations for Individual Crops

The systems of equations relating individual crop yields to the

relevant seasonal rainfall and time trend estimated using GLS, are

presented in Appendix D. There are two systems of five equations, one

each for the Hills and the Terai. Each equation in the regional

systems pertains to an individual crop. The dummies for the

subregions were introduced to account for their differential

intercepts. But as earlier, only those dummies were retained in the

final equations which had statistically significant coefficients. The

t-ratios are given in parentheses below the corresponding

coefficients.

For paddy in the Hills, rainfall	 in growing season

(Sept.Oct.Nov.) was associated with a relatively higher response than

that in the planting season (Jun.July.Aug.).	 Rainfall in the

harvesting season, that is, Dec.Jan.Feb., reduced the harvest of paddy

per hectare. In the Terai, as in the Hills, the rainfall in

Sept.Oct.Nov. had a higher estimated coefficient than that in

Jun.Jul.Aug. The parameter estimate for rainfall in Dec.Jan.Feb. was

not negative as in the case of Hills, but the coefficient was not

statistically significant. Rainfall in the growing season was thus

relatively more significant for the paddy yield both in the Hills and

the Terai, whereas the rainfall in harvesting season reduced the

harvest.

Among the intercept dummies for the subregions in Hills, only the

Central Hills had a significant coefficient.	 This implied a

relatively higher level of technical efficiency in paddy cultivation

in the Central Hills compared with other subregions in the Hills.

This is also revealed by the higher level of paddy yields in Central

Hills in Figure B.3. In the case of the Terai, no intercept dummies

for subregions were statistically significant for paddy yieldsB.3
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As can be observed in Figure B.4, the paddy yields in the Terai

sharply declined in the drought year 1979/80 for all subregions except

the Eastern and Central Terai. Apparently, those two subregions were

not affected seriously by the drought. There was a marked improvement

in the coefficient of correlation after a dummy was introduced for the

year 1979/80. The use of a dummy for this year was prompted by the

extreme outliers of the residuals (observed yields minus predicted

yields) for the year 1979/80, when the yield-rainfall equation was

estimated using rainfall and time only. 	 It was found that the

coefficient of determination of the yield-rainfall equation for paddy

in the Terai dramatically improved from 20 percent to 69 percent when

a dummy for the drought year was introduced. The statistically

significant coefficient of the dummy for the drought year in the paddy

equation - as was also the case for maize in the Terai - gave rise to

the question why the rainfall in the drought year did not explain the

decline in yields.	 This raises doubt as to the reliability of the

data or the system of data collection itself. It could be possible

that the data on output per hectare were underestimated being

foreshadowed by the exaggerated extent of the impact of drought.

The statistically significant and negative coefficient of the

trend variable in the Hills showed that paddy yields were declining at

a constant rate of 39 kg/ha. Nevertheless, the linear trend in the

Terai for paddy yields was positive i.e., 12 kg/ha per year, although

it was significant at only the 30 percent level.

The yield response of maize in the Hills to rainfall was found to

be very feeble. The rainfalls in Mar.Apr.May and Jun.Jul.Aug.,

together with the linear time trend, could explain only 45.7 percent

of the total variation in maize yields. The estimates of responses to

rainfall in Mar.Apr.May and Jun.Jul.Aug. had relatively high standard

errors, rendering the estimators very insignificant. In the Terai,

the response of maize yields to rainfall in Mar.Apr.May was positive,

but it was not found significant. On the other hand, the response in

Jun.Jul.Aug was negative and also significant.
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The level of maize yields was relatively higher for the Western
Terai, as indicated by the coefficient of its intercept dummy A 3 in
equation (ii)2 in Appendix D. As in the case of paddy in Terai, sharp

falls of maize yields were observed in the drought year of 1979/80 in

most of the subregions except Eastern and Farwestern Terai. The

coefficient of determination remained very low until a dummy was

introduced for the drought year. The explanation should be the same

as the one given for paddy in the Terai.

The trend of maize yields was negative in the Hills (-40 kg/ha

per year), while that in the Terai was increasing, although at a

meagre rate of 13 kg/ha.

Using t-tests, the hypothesis that the marginal responses of
millet yields to rainfall were zero was not rejected for both seasons

in both regions at an acceptable level of significance (10 percent).

The negative or insignificant responses of maize and millet yields

implied that plant growth and yields of these crops did not require

much soil moisture, so that a relatively arid condition was suitable

for it.

Rainfall in Oct.Nov.Dec. was conducive to wheat yields, both in

the Hills and Terai, whereas rainfall between January and April was
found to depress yields.

However, in the Terai, the marginal response to Feb.Mar.Apr.

rainfall was very insignificant. On the whole, rainfall was more

conducive to higher wheat yields in the Terai than in the Hills.

Regarding the linear trend, it is noteworthy that wheat was the

only crop whose yields registered increasing trends both in Hills and

Terai. Other crops had opposite trends in those regions.

Potatoes are normally harvested twice a year in most regions -

Jun.Jul.Aug (wet season) and Dec.Jan.Feb (dry season). Thus, rainfall

in all four quarters were included in the equation for potato yields.

The regression equations for thq Hills and the Terai, however,

contradicted each other. For instance, rainfall in Jun.Jul.Aug. and

Dec.Jan.Feb reduced potato yields in the Hills, while it increased in
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the Terai. A negative response to rainfall in relevant seasons in the
Hills would imply that the highest yields were obtained in dry

seasons. A similar conclusion was drawn by Waugh (1929) when he found

a negative correlation between rainfall and potato yields. Perhaps

the level of precipitation in the Hills during the period was too high

for potatoes, so that a lower rainfall was conducive to their yields.

5.3 Estimation of Aggregate Yield Function 

The aggregate yield function (4.9) which defined aggregate yield

as a function of chemical fertilizers (FTA), improved seed varieties

(SDA), irrigation (IRA) and rainfall (RF) was estimated and is

presented below. Fertilizers, seeds and irrigation were measured as

quantities per hectare of cropped area. The function was estimated

both by combining the observations from the Hills and the Terai and by

separating them. The function estimated for the combined

observations, without allowing for the cross sectional differences in

intercepts, showed a poor performance in terms of the value of the

adjusted	 Only about 13 percent of the total variation in

aggregate crop yields was explained by the specified variables. When

the intercept dummies for the Eastern Hills and the Central Hills were

included in the specification in equation 5.5, the coefficient of

determination increased remarkably to 0.61. It reconfirmed the fact

that Eastern Hills and Central Hills had significantly higher levels

of aggregate crop yields.	 Other subregions did not have any

area-specific effects (that is, the differing intercepts).

(5.4) lnY = 6.8208 + 0.018 1nFTA - 0.0354 1nSDA - 0.0324 In IRA

(13.048) (1.702)	 (-1.417)	 (-1.031)

+ 0.0978 1nRF - 0.0105 T,

(1.591)	 (-1.969)

R2 = 0.129,

R 2 = 0.185,

n = 80.
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(5.5)	 lnY = 7,0174 + 0.2236 Dm + 0.2098 Dom, - 0.0017 1nFTA

(19.939) (7.287)	 (5.901)	 (-0.187)

+ 0.0111 1nSDA + 0.0094 In IRA + 0.1076 In RF

(0.631)	 (0.431)	 (2.577)

- 0.0117 T,

(-3.182)

Fe = 0.607,

R 2 = 0.642,

n = 80.

(5.6)	 lnY = 6.9391 + 0.2176 Dm + 0.2047 Da	 0.1056 1nRF

(22.500) (7.951)

- 0.011 T,

(-3.513)

P2 = 0.620,

R 2 = 0.639,

n = 80.

(7.416)	 (2.599)

In equation (5.4), the parameter estimate of fertilizer was

positive and significant at the 10 percent level. The coefficient of

improved seeds and irrigation were, on the other hand, negative and

significant at only the 15 percent and 30 percent levels,

respectively.

Contrasting with (5.4), the estimated coefficient of fertilizer

in (5.5) was negative and those of seed and irrigation were positive.

But all of these were insignificant. The change in the magnitudes of

the estimated parameters and their variances implied specification

bias in equation (5.4) because of the omission of regional dummies.

The inputs reflecting technical change, such as improved seeds,

chemical fertilizers and irrigation did not contribute to augmenting

aggregate yields.	 The theoretically wrong sign of chemical

fertilizers in (5.5) and the insignificant coefficients of seeds and

irrigation are supportive of a grim picture of Nepalese agriculture.

Aggregate crop yields were not responsive to the application of the
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chemical fertilizers, improved seeds and irrigation.

The linear trend, a proxy measure of technical progress, was

negative in all of equations (5.4), (5.5) and (5.6). The coefficient

of time trend suggested that the value of aggregate crop yield at

constant 1971/72 prices was declining at slightly over 1 percent per

annum, that is, approximately Rs. 25.00 per hectare per year.	 This

estimate was nearly the same as the estimate derived from the

non-logarithmic function (5.3). A declining trend, coupled with

insignificant influence of so called Green Revolution technology

embodied in seed and fertilizer, gives grounds for believing that

there has been no technological change at the aggregate level in

Nepalese agriculture, and that the industry has remained in a

traditional state.

However, nothing specific can be concluded about the impact of

technical change on the basis of the coefficient of time trend, since

it is likely that the time variable captures the impacts of all other

variables having secular trends, which are not specified in the

function. Therefore, although technical change may have been present

to some extent, its impact in increasing aggregate crop yields may

have been outweighed by the negative effects of other factors such as

loss of nutrients in soil because of erosion, inappropriate varieties

or cultural practices and so on. But ceteris paribus, a negative

trend in yields implies stagnation of agriculture or worse.

The present study, however, does not specifically address the

question whether the falling trend is due to the fact that the

adoption of modern techniques has not been widespread or that there

are some other factors nullifying the effect of the use of these

techniques.	 In pursuit of speculative explanation, the factors

pertaining to the biophysics of the plant growth such as declining

soil fertility, incorrect agronomic practices, and so on comeforth

rather than other economic reasonings.



62

The variation in the relative prices of outputs and inputs

affects the yield through their influence on the decision variables

i.e., the controllable factor inputs. In other words, the effect of

price upon yield works indirectly through quantity of controllable

inputs applied in the process of production. But the negative

responses of yields to chemical fertilizer application and improved

seed use (and declining trend of aggregate crop yields) hardly suggest

any positive effect of price of crops on yields. Indeed, in many

studies on supply responses, it has been assumed that the price

elasticity of yields were negligible, e.g., Falcon (1964) and Behran

(1968).

Increases in aggregate crop yield could be obtained by changes in

cropping pattern (Griliches 1963a; Narain 1977). A relative shift of

area under the i-th crop from one location to other, where its per

hectare yields are higher, would impart a rising trend to aggregate

output per hectare. Table A.3 of Appendix A illustrates that the

cropping pattern in the Hills and the Terai remained basically

unchanged in the 1970s. Nevertheless, the area planted with wheat

showed a relative upward shift in the Terai, which could be caused by

the rising trend of wheat yields in Terai. Despite- some positive

trend in individual crop yields in the Terai, the national aggregate

yields were found still to be declining due to the negative trends of

most of the principal crops in the Hills. The general cropping

pattern which was virtually unchanged indicated that the relative

shifts of the cropping pattern between the Hills and Terai were too

little to engender a positive trend in the aggregate crop yields for

all of Nepal.

The value of the adjusted R 2 did not alter remarkably when the

technical inputs viz., chemical fertilizers, improved seeds and

irrigation were dropped from the specification. Nor did the estimated

coefficient of rainfall (elasticity of aggregate crop yields with

respect to rainfall) change to any , noticeable extent. Since the

function is in logarithmic form, the coefficients of the independent

variables, except that of time trend which is in exponential form, are

the elasticities of the value of aggregate crop yields. Thus, a unit
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increase in rainfall would increase the value of aggregate crop yields

0.106 times. To put it in absolute term, an increase of rainfall by 1

mm would increase the value of aggregate crop yields by Rs. 0.13

approximately at 1971 prices, which is fairly close to the estimate

derived in (5.3).

Another observation which could be made from equations (5.4)

through (5.6) is that, among the specified explanatory variables,

rainfall was the major factor explaining variation in crop yields.

The rainfall variable along with the intercept dummies for the Eastern

Hills and the Central Hills, as well as the time variable in equation

(5.6), explained 62 percent of total variation in aggregate crop

yields. The amount of variation explained (value of adjusted R2)

was, however, the same or even less in equation (5.5) despite the

inclusion of other explanatory variables. This highlighted the fact

that crops in Nepal are predominantly rainfed.

5.3.1 Regional differences in responses

An F-test was conducted to test the difference between the

regressions for the Hills and the Terai. The calculated F-statistic

was 6.204. For the purpose of comparison, the specifications in the

Hills 'and Terai were kept the same (without any intercept dummies).

The hypothesis that the equations for Hills and Terai are different

were accepted at 1 percent level of significance.

Comparison of equations (5.7) and (5.8) showed that rainfall was

not as important in explaining variations in aggregate crop yields in

the Hills as it was in the Terai.
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Terai 

(5.8)

lnY = 7.3231 + 0.2076 DI,+ 0.2103 Dpi + 0.006 1nFTA

(19.289)	 (8.311)	 (3.111)	 (0.458)

-0.0141 1nSDA - 0.0403 lnIRA + 0.0346 1nRF - 0.0149 T,

(-0.455)	 (-0.594)	 (0.630)	 (-3.593)

TV = 0.841,

R2 = 0.869,

n = 40.

lnY = 5.237 + 0.2767 Du + 0.2151 Da - 0.0272 1nFTA

(6.397) (2.397)	 (2.290)	 (-1.009)

- 0.0848 1nSDA - 0.2458 lnIRA + 0.1296 1nRF

(-1.553)

+ 0.0121 T,

(1.123)

52 = 0.209,

R 2 = 0.351,

n = 40.

(-1.909)	 (1.507)

A mm of additional rainfall in the Hills would add only Rs. 0.04

to the value of aggregate crop yields. Moreover, the response to

rainfall in the Hills was not statistically significant. In the

Terai, on the other hand, the marginal contribution of an additional

mm of rainfall was Rs. 0.16 per hectare. Also, the response to

rainfall in the Terai was significant at the 5 percent level. This

was because of the difference in the composition of crops constituting

total output in the two regions. The principal crop in the Hills is

maize, which, according to the results of this study, does not seem

very responsive to changes in rainfall whereas, in the Terai, the

principal crop is paddy (see Table 5.1), which is highly responsive to

soil moisture.
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In the Hills, the intercept dummies for the Eastern Hills and the

Central Hills, together with a time variable, explained about 87

percent of the variation in aggregate crop yields. Other coefficients

were insignificant, with some having theoretically wrong signs. In

the Terai, the parameter estimates for chemical fertilizer, seeds and

irrigation were all negative. The negative signs on these inputs went

against a priori knowledge about their theoretical relationship with

yields. In fact, there were no definite trends in the per hectare use

of improved seeds or chemical fertilizer in most of the subregions

considered in this study. The sale of chemical fertilizers had

increased during 1970s by 76 percent, but their distribution was

mostly concentrated in the Central Hills, particularly the Kathmandu

valley. The per hectare consumption of chemical fertilizers in the

Central Hills rose from 21 t (in nutrient value) to 40 t in 1980,

while in other regions, there had been some marginal increase only

(see Appendix Figure C.1). Similarly, the irrigated area was

virtually unchanged over the period, except in the Eastern Hills and

the Central Terai (see Appendix Figure C.3). On the other hand, the

trend of aggregate crop yields had been either constant or declining

over the period. The trend in Terai was positive but significant only

at the 30 percent level.

This lack of trend suggested that there has not been widespread

or increasing use of the high yielding varieties and of chemical

fertilizers. Although there might have been some degree of adoption

of these inputs in some locations, indicated by the increase in the

absolute amounts of their sales by AIC in some areas, their use was

far less widespread than what is required to improve average aggregate

output per hectare. The low variability in the use of those inputs

across different subregions and through time also contributed to the

coefficients being statistically insignificant.
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Table 5.1

Percentage Contributions of Different Crops in

Total Outputs of Regions 

Year Region Paddy Maize Wheat Millet Potatoes Total

1970/71 Hills 35.00 38.00 7.00 7.00 13.00 100.00

Terai 82.00 10.00 4.00 1.00 3.00 100.00

1971/72 Hills 36.00 35.00 9.00 6.00 14.00 100.00

Terai 81.00 9.00 5.00 1.00 4.00 100.00

1972/73 Hills 34.00 37.00 8.00 8.00 13.00 100.00

Terai 73.00 11.00 10.00 1.00 5.00 100.00

1973/74 Hills 36.00 36.00 8.00 7.00 13.00 100.00

Terai 78.00 9.00 9.00 1.00 3.00 100.00

1974/75 Hills 35.00 36.00 8.00 7.00 14.00 100.00

Terai 77.00 9.00 9.00 1.00 4.00 100.00

1975/76 Hills 36.00 34.00 9.00 6.00 15.00 100.00

Terai 78.00 7.00 11.00 1.00 3.00 100.00

)976/77 Hills 37.00 25.00 10.00 7.00 11.00 100.00

Terai 77.00 8.00 11.00 1.00 3.00 100.00

1977/78 Hills 36.00 33.00 12.00 6.00 13.00 100.00

Terai 75.00 9.00 13.00 1.00 2.00 100.00

1978/79 Hills 35.00 33.00 12.00 6.00 14.00 100.00

Terai 76.00 8.00 13.00 1.00 2.00 100.00

1979/80 Hills 35.00 29.00 14.00 6.00 16.00 100.00

Terai 75.00 6.00 15.00 1.00 3.00 100.00

1980/81 Hills 34.00 31.00 15.00 6.00 14.00 100.00

Terai 76.00 8.00 3.00 1.00 2.00 100.00

1981/82 Hills 37.00 29.00 14.00 6.00 14.00 100.00

Terai 75.00 8.00 13.00 1.00 3.00 100.00

1982/83 Hills 35.00 29.00 16.00 6.00 14.00 100,00

Terai 61.00 10.00 23.00 1.00 5.00 100.00

Source: Department of Food and Agricultural Marketing Services, Nepal.
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Other possible reasons for the lack of trend in yields could be the

use of inappropriate varieties, application of inadequate or excessive

doses of chemical fertilizers or the unreliable nature of irrigation

facilities, which had either failed to raise the output per hectare or

might have even reduced it.

From the analysis of 10 countries including Nepal, Barker et al.

(1981) found that expansion of irrigation did not result in greater

yield stability. The suggested reasons for this were that irrigation

development in South and South-east Asia did not permit substantial

control of water and that most of the irrigated area was still subject

to flooding and droughts.

The agronomic practices associated with the new technologies

themselves may impose some constraints to higher yields.	 For

instance, higher levels of fertilizer use enhance the potential loss

of output due to insect and disease damage (Barker et al. 1981).

Diseases and pest are considered as the most important constraints on

higher yields by rice growers (IRRI 1975). The sales of agrochemicals

by AIC increased twofolds in Fifth Plan (1975-80) alone (AIC 1983),

but there is no evidence to suggest that the farmer's level and method

of application have been effective.

In addition, the effects of misspecifications involved in the

aggregation of outputs and inputs and in the derivation of the

aggregate yield function from individual farm level production

processes (Upton 1979), as well as the misspecification resulting from

the non-inclusion of some important factors like soil fertility, could

have resulted in biased estimations of the parameters. On the other

hand, the quality of data itself is questionable either because the

data are not true measures of the variables or because there is a fair

amount of error in the measurement of the variables (see Section 4.5).

Indeed, the specification errors and the quality of data are probably

equally as important factors as any others contributing to the

inexplicable signs of the estimates. 	 These problems have in fact

imposed severe limitation on the empirical findings of this study.

These problems are discussed further in Section 6.3.
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5.4 Summary 

Among the weather variables initially considered as important

meteorological variables, rainfall alone could best explain the

variation in crop yields. Separate temperature variables were found

redundant, while the composite aridity index constructed by dividing

rainfall by average temperature was also not justifiable.

Rainfall alone explained most of the annual variation in

aggregate crop yields. Also the response to rainfall was greater in

the Terai than in the Hills because of the difference in composition

of the crops constituting total output in the two regions. The

principal crop in the Hills is maize, which is not very responsive to

changes in rainfall whereas, in the Terai, the principal crop is paddy

which is highly responsive to soil moisture. Regarding the impact of

rainfall on individual crop yields, it was found that paddy yield was

more responsive to rainfall in the growing season than that in the

planting season, both in the Hills and the Terai. Maize and millet

did not seem to require much soil moisture so that a relatively arid

condition was congenial for them. Rainfall in the sowing period was

found to be more conducive to the wheat yield both in the Hills and

the Terai, while that in the period between January and April would

depress yield. The negative response of yields of potatoes to

rainfall in the harvesting seasons in the Hills implied that the

higher yields were realised in dry seasons.

From the estimation of the parameters of the aggregate yield

function, it was revealed that the inputs reflecting technical change

such as improved seeds, chemical fertilizers and irrigation did not

contribute to augmenting aggregate yields. The insignificant and

often negative coefficients of these inputs went against a priori 

knowledge about their theoretical relationship with yields. Within

the limitation of the information engendered by the results and

analyses,	 these coefficient values were not fully explicable.

Nonetheless, some speculative explanations can be forwarded. First,

the application of chemical fertilizers, seeds and the development of

irrigation facilities were far less widespread than that which is
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required to improve the average aggregate output per hectare. Second,

the low variability and lack of a definite trend in the use of these

inputs resulted in statistically insignificant responses. Other

reason could be the use of inappropriate varieties, application of

inadequate or excessive doses of chemical fertilizers or the unassured

nature of irrigation facilities which either failed to raise the

output per hectare or might have even reduced it. Finally, the

quality of data itself could be blamed also.

A declining trend coupled with insignificant influence of the so

called Green Revolution technology led to the conclusion that there

had been no technical change at aggregate level in Nepalese

agriculture, although there might have been some in certain pockets.

The trend of aggregate yield in the Hills was negative while that in

the Terai was positive. Except the wheat, the individual trends for-

all other crops were negative or stagnant in the Hills. In the Terai,

on the other hand, the yields of all the crops, except potatoes,

showed rising trends. The difference in trends in individual as well

as aggregate yields between the Hills and the Terai confirm the

differential rate of technical change in the two regions - the Terai

showing some positive change, while the Hills still remaining stagnant

or even worse. Although technical change might have occured to some

extent, it might have been outweighed by the negative effects of some

other factors not considered in the present study, e.g., declining

soil fertility.

The intercept dummies for Eastern Hills and Central Hills were
statistically significant, implying that these two regions have higher

spatial effects upon the variation of aggregate crop yields across the

subregions.	 The differences in these spatial effects also impart the

presence of differential levels of technical efficiency which is

relatively higher in Eastern and Central Hills. Similarly, the

Eastern Terai and Central Terai had higher levels of spatial effects

compared with other subregions in the Terai. It follows from this

that the Eastern and Central Development Regions were better off in

terms of the efficiency of production. However, it is rarely possible

to nominate a specific interpretation with regard to the intercept
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dummies (or the differences in the spatial effects). A number of site

specific factors which are not accounted for in the estimated model,

such as soil characteristics, marketing facilities, access to

extension and so on, may also have confounded in the intercept term.

•



Chapter 6

SUMMARY AND CONCLUSION

6.1 Summary of the Study 

For the last decade , or so, Nepalese agriculture has been

characterised by a sustained decline in the trend of crop yields. The

irony of the situation becomes clear when one realises that yields

have been declining at the same time as the widely recognised modern

techniques embodied in high yielding varieties and chemical

fertilizers have been emphasised within the country, and substantial

increases in productivity have been achieved with the adoption of

these techniques in many countries. The present study was broadly

focused on this problem of declining productivity. The objectives of

the study were to identify factors affecting temporal as well as

spatial variation in crop yields and to gain more understanding about

the efficacy of seed-fertilizer technology in elevating the situation

of the Nepalese agriculture from its continuing state of stagnation.

Keeping in view the negligible extent of irrigation facilities in

the country, it was hypothesised that a large part of the annual

fluctuation in crop yields was explained by the random effects of

weather factors, mainly rainfall. Second, the hypothesis that the

rate of technical change has been zero to negative was also tested in

terms of the coefficient of the trend variable as well as those of the

inputs of high yielding varieties, 	 chemical	 fertilizers and

irrigation. Third, it was hypothesised that the responses of yields

to different factor inputs varied between the Hills and the Terai.

All the subregions in each of the Hills and the Terai were assumed to

be homogeneous in terms of the structural relationship between inputs

and output.
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The rate of technical change was measured by using a time trend

in yield response equations. Due to the lack of reliable data on

variables such as prices and quantities of farm labour, land, draft

animals and farm machinery, the production or cost function approach

could not be utilized. The systems of equations relating individual

crop yields to the relevant seasonal rainfall and time trend were

estimated using GLS. There were two systems of five linear equations,

one each for the Hills and the Terai. Estimating these systems of

equations enabled the derivation of the marginal responses of

different crop yields to the relevant seasonal rainfall along with the

linear trends of yields representing the improvement in production

techniques. The aggregate yield function was also specified in

loglinear form with aggregate crop yields as the dependent variable

and use of chemical fertilizer, high yielding varieties and irrigation

per hectare of gross cropped land, annual rainfall and linear time

trend as the explanatory variables. The aggregate yield function was

estimated for the combined observations from the Hills and the Terai

as well as for those regions separately.

The data were obtained from various secondary sources. Ten years

time series data for eight subregions, four each in the Hills and the

Terai, were combined for estimation of the aggregate yield function.

For the estimation of the system of yield-rainfall equations for

individual crops, five subregions were classified in each of the Hills

and the Terai. Dummy variables were introduced to account for cross

sectional differences in the level of yields (see Section 3.2).

The findings of the study are summarised below:

1. Rainfall alone explained a large part of the fluctuations in crop

	

yields.	 The response of aggregate crop yields to rainfall was

greater in the Terai than in the Hills, because the major portion

of aggregate output in the Terai consists of paddy which is highly

responsive to changes in soil moisture.
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2. Rainfall in the growing season was more conducive to paddy yields

both in the Hills and the Terai than that in the planting season

which depressed yields. In respect of wheat, yield was more

responsive in both regions to rainfall in the sowing period than

that in the growing period. Maize and millet yields seemed to be

little influenced by variation in rainfall indicating that the

yields and plant growth of these crops are tolerant to soil

moisture stress. The responses of potato yields in harvesting

seasons in the Hills and Terai were found to be contrary to each

other. The responses to rainfall in harvesting seasons were

negative in the Hills but they were positive in the Terai. The

negative responses of yields of potatoes to rainfall in relevant

seasons in the Hills implied that higher yields were realised in a

relatively dry season. Perhaps the level of precipitation in the

Hills during the period was too high for potatoes, so that the

lower rainfall was conducive to their yields.

3. Estimation of the aggregate yield function revealed that the

inputs reflecting technical change such as improved seeds,

chemical fertilizers and irrigation did not seem to have

contributed to raising aggregate crop yields, unless there were

serious problems of data or misspecification of the model. Some
possible reasons behind the insignificant and often negative

coefficients of these inputs are suggested. They are that (a) the

application of chemical fertilizers, high yielding varieties and

irrigation facilities was not sufficiently widespread to raise

aggregate crop yields, (b) the low variability in the use of these

inputs might have contributed to the statistically insignificant

responses, (c) use of inappropriate varieties, inadequate or

excessive application of fertilizer nutrients and unreliable

irrigation facilities failed to raise the yields, and (d)

specification bias and the poor quality of data might have

resulted in inconsistency in the estimated parameters.
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4. The so called green revolution technology did not seem to have a

wide grip on the Nepalese agriculture. Agriculture in Nepal in

general is in a state of stagnation or decline. Although

technical change might have occurred to some extent, it might have

been outweighed by the negative effects of some other effects, for

instance, declining soil fertility, which are not considered in

the present study.

5. Estimates of parameters of the yield functions for the Hills and

the Terai were not the same, implying that the underlying

structural relationships were different in the two regions.

6. Higher levels of technology appear to have been employed in the
Eastern and the Central Development Regions. This conclusion was

based on the statistically significant intercept dummies for those

regions both in the Hills and Terai. However, it is rarely

possible to nominate a particular interpretation with regard to

the coefficients of dummy variables. The differences in

intercepts or the spatial effects could have been due to a host of

other factors not included in the model such as the regional

differences in soil fertility, marketing facilities, access to

extension services and so on.

6.2 Some Policy Implications 

The findings from this study do not lead to specific policy

conclusions. Nevertheless, the findings have contributed to a better

understanding of the grim picture of Nepalese agriculture which is

characterised by ever continuing stagnation or even worse. In view of

this lack of progress, perhaps the time has come to reassess the

various programs intended to stimulate growth in the agricultural

sector ever since the beginning of planned economic development.

There appears to be a contradiction in the performance of

Nepalese agriculture in that output per hectare is declining while the

use of the modern inputs has increased. Even if this theoretically

inconsistent situation is ignored on the ground of unreliability of
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the data used, the declining yields indicate that agricultural

development policies have not been effective in stimulating growth in

agriculture or that there are some problems hindering their successful

implementation. As has been noted earlier, the declining trend in

aggregate yield as well as in most of the individual crop yields

indicate that the impact of technical change has not been felt at the

macro-level. Pinpointing specific reasons for this, particularly

weaknesses in existing policies, is not possible in a study such as

this. The results do suggest, however, that modern techniques should

be disseminated on a. broader front by the extension services. Efforts

should be directed towards ensuring the adoption of modern techniques

by all the groups of the farmers, small and large, irrespective of

their location. This could be made possible by more efficient

distribution of resources and wider reaching delivery of extension

services.

In addition, the technology packages produced by existing

research systems should be assessed to see if they are integrated with

the systems employed on typical Nepalese farms. It is being

increasingly felt that agricultural research activities in the past

have failed to serve small farmers in LDCs (Shaner 1983) and the

results of this study are not inconsistent with this view. Recently,

the farming system approach to agricultural research and the

development of technology which views the whole farm as a system has

become popular. The cropping system research being conducted at

representative research sites in Nepal is based on this approach and

is showing encouraging outcomes in increasing yields and outputs of

different crops and is bringing forth technological leap for many

farmers at those sites (ICP 1984). Cropping system research is a

means to acquire knowledge about farmers and their practices and to

put it to work in testing improved varieties, seeding rates,

fertilizer application methods and other ideas in farmer's fields and

prevalent cropping patterns.
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The estimates of the rainfall responses provide descriptive

information concerning the extent of the dependency of crop yields on

rainfall. More stable crop yields could be realised if this

dependency could be reduced by augmenting rainfall with reliable

irrigation systems. Because of the sharply rising costs of

constructing irrigation systems, it also would be useful to undertake

research designed to develop varieties tolerant to moisture stress

(Barker et al.	 1981).	 Realising the rainfed nature of Nepalese

agriculture, it is possibly necessary to take steps to maintain such

as the ecological balance which is commonly believed to be

deteriorating and necessary to ensure stable rainfall in the long run.

This could also be imperative in order to reduce further loss of soil

fertility.

As discussed in Section 6.3, the unavailibility and unreliability

of data create a bottleneck to empirical research - particularly that

requiring secondary level information. This problem has been apparent

and discussed for some time e.g., Chapagain (:1976). Despite this a

coordinated system of gathering information is still lacking and the

quality of data is still low. Steps should be taken to develop

efficient monitoring system within various departments relevant to

agriculture so that there is a regular flow of information from the

local or implementation level to the central level where statistics on

all necessary aspects can be updated. A central data bank could also

be considered. The data bank in APROSC in this regard is doing a

commendable job, but there is need to expand it to enable information

to be gathered on wider areas.

6.3 Limitation of the Study 

A lack of the information required relating to conventional

factor inputs has hindered the use of production or cost function

analysis in the study. As many economc factors are not specified in

the estimated model, the study runs the risk of being seen as more

biometric or climatological than economic. The usefulness of the

study would undoubtedly have been greater if some other relevant

factors such as soil characteristics, research and extension etc.
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could have been identified and included or if data were available to

permit their inclusion. So an obvious major limitation of the study

is the incomplete specification of the yield function and the possible

biases in estimation resulting from that misspecification. By and

large, a dearth of data should be blamed for this limitation. Other

limitations, also relating to the data, are their unreliability as

well as their failure to measure the variables correctly. The data on

output and cropped area collected from the districts are themselves

subject to doubt. For instance, the statistically significant

coefficients of the dummies for the drought year in the yield-rainfall

equations for paddy and maize in the Terai gave rise to the question

as to why the rainfall variable alone was not sufficient to explain

the fall in yields in the drought year (see Section 5.2). Since the

data on output and cropped area are based on sample observations and

the subjective opinion of the personnel involved, it could be

reasonably guessed that the output per hectare was underestimated by

overestimation of the impact of drought due to the.pessimision of that

personnel.

Likewise, data on chemical fertilizers were simply the record of

sales by AIC. Since a negative fertilizer response is practically

unlikely to happen, there is ample room to suspect that either the

sales data did not measure the actual application of fertilizers in

the field or the data themselves were erroneous. The data on high

yielding varieties have a similar weakness. Being measured as the

total annual sales by AIC, the data did not account for the

availability of seed from other sources at the local level. The use

of annual sales alone, therefore, probably underestimates the actual

use of the improved varieties on farms.

The area irrigated in the minor irrigation projects constructed

at a local level were excluded from the irrigation data, because

information on such projects is not easily obtainable. Also, most of

these small projects, built by local people, suffer extremely from

lack of maintenance thus leading to irregularity or virtual cessation

of the flow of water soon after construction. Thus, measuring

irrigation in terms of command area would probably overestimate the
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actual area being irrigated.

Such weaknesses of data have imposed a serious limitation on the

usefulness of this study in drawing concrete policy implications and

have perhaps even led to seemingly inexplicable signs of some of the

variables.

6.4 Avenues for Further Research 

The results derived in this study have suggested that technical

change has not stimulated growth in Nepalese agriculture. Is it

because the change has not been widespread or because there are some

other factors nullifying its impact? Some farm level studies related

to different factors influencing the adoption of modern techniques

have been done (Sharma 1979, Rokaya 1979, Hamal 1981, Sharma 1983).

The potential factors contributing to the adoption of modern

techniques, as pointed out by these authors, were the income and

educational levels of farmers, risk attributes, subjective beliefs of

farmers regarding yields from these techniques and so on. Since these

studies had used cross-sectional data, technical change was only

reflected indirectly by way of the differential rates of adoption

prevailing among farms. But the cross-sectional differences in the

adoption rarely reflect the sequence of technical change and the shift

in the production surface over time. Therefore, a time series study

intended to explain the production impact of new technology by

isolating it from effects of other potential factors causing the

decline in productivity would be worth while.

Time series analyses of the production systems at the farm level

with old and new technologies are constrained by data limitations.

Information on changes in the output and input of specific farms over

time would probably not be obtainable in the Nepalese context. A time

series study at the aggregate level, like the present study, on the

other hand, may lead to controversial results because, as the number

of inputs and outputs increase, the qualitative variations in inputs

and outputs will also increase necessitating a number of assumptions

to facilitate the aggregations (Horton 1984).	 Production function
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analyses based on individual crops at micro level are most useful as

they are free from the biases associated with the derivation of

aggregate production function from individual partial production

processes (Upton 1979) and minimise the biases associated with

aggregation of inputs of heterogeneous qualities. However, estimating

functions for individual crops is also constrained by the fact that

determination of input use in individual crops is often difficult,

because the farms are multiple enterprises.

It was speculated in this study that the positive impact of

technical change on production might have been outweighed by

successive decline in the soil fertility due to the widespread soil

erosion. An index of soil fertility or erosion would seem to be

desirable in production or yield function analyses so that the impact

of technical change could be isolated from the effect of the

increasing erosion of soil fertility.	 A generalised production

function could be developed by estimating coefficients of the effect

of soil characteristics (including the nutrient contents) and weather

factors in aggregated experiments as suggested by Hexem and Heady

(1979).

True measure of application of chemical fertilizers and improved

varieties are essential for meaningful results. In this regard, farm

level information should be more realistic than the record of the

sales by AIC.	 Likewise, precipitation as a climatic factor can

preferably be replaced by some measure of soil moisture as it is soil

moisture which determines its plant growth.

Potentially more useful results on the structure of technical

change could be derived if knowledge about production systems with old

and new technologies could be acquired. Production or cost function

analysis incorporating all relevant factor inputs would be a better

technique to deal with such problem. Nevertheless,. including a time

variable in yield function as an index of technical change is not an

uncommon way of measuring the rate of technical change. Considering

the unavailability of data on all factor inputs required for more

sophisticated production or cost function analysis, the technique
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adopted in this study seems to provide the best alternative

methodology to obtain some knowledge on the rate of technical change.

Beside highlighting the problem of declining yields, this study has

indicated important directions for further research on the causal

factors behind this persisting problem.
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Table A.1

Total Cropped Area of Paddy, Maize, Wheat, Millet and Potatoes

in the Hills and the Terai, 1967/68-1981/82 

(area in ha)

Year Hills Percent Terai Percent Total

1967/68 580,765 32.23 1,220,850 67.77 1,801,615

1968/69 538,355 30.23 1,242,422 69.77 1,780,777

1969/70 614,085 32.70 1,263,880 67.30 1,877,965

1970/71 633,288 33.21 1,273,310 66.79 1,906,598

1971/72 631,631 32.60 1,305,566 67.40 1,937,197

1972/73 640,123 33.63 1,263,082 66.37 1,903,205

1973/74 675,594 33.73 1,327,323 66.27 2,002,917

1974/75 682,254 33.20 1,372,165 66.80 2,054,419

1975/76 694,552 32.77 1,424,686 67.23 2,119,238

1976/77 692,378 32.62 1,430,176 67.38 2,122,554

1977/78 702,360 32.88 1,433,360 67.12 2,135,720

1978/79 717,330 33.58 1,418,900 66.42 2,136,230

1979/80 703,120 33.24 1,412,150 66.76 2,115,270

1980/81 735,942 33.79 1,441,430 66.21 2,177,372

1981/82 803,050 35.73 1,444,660 64.27 2,247,710

1982/83 838.170 36.04 1,487,220 63,96 2,325,390

Source: Department of Food and Agricultural Marketing Services,

Nepal.



83

Table A.2
Gross Output of Paddy, Maize, Wheat, Millet and Potatoes

in the Hills and the Terai, 1967/68-1981/82 

(in Rs '000)

Year Hills Percent Terai Percent Total

1967/68 1,492 34.39 2,846 65.61 4,338

1968/69 1,521 33.99 2,954 66.01 4,475

1969/70 1,604 34.23 3,083 65.77 4,687

1970/71 1,626 34.44 3,095 65.56 4,721

1971/72 1,563 32.71 3,217 67.29 4,780

1972/73 1,623 35.62 2,932 64.38 4,555

1973/74 1,688 33.17 3,402 66.83 5,090

1974/75 1,704 32.71 3,506 67.29 5,210

1975/76 1,728 32.19 3,641 67.81 5,369

1976/77 1,738 34.36 3,321 65.64 5,060

1977/78 1,639 33.36 3,275 66.64 4,914

1978/79 1,691 33.84 3,306 66.16 4,997

1979/80 1,486 33.90 2,897 66.10 4,383

1980/81 1,718 32.25 3,609 67.75 5,327

1981/82 1,858 33.75 3,647 66.25 5,505

1982/83 1,705 35.82 3,055 64.18 4,760

Source: Department of Food and Agricultural Marketing Services,

Nepal.



84

Table A.3
Comparison of Cropping Patterns in 1970/71 and 1980/81 

('000 ha)

Crops

1970/71 1980/81

Hills Terai Nepal Hills Terai Nepal

Paddy 196.9 985.6 1,182.5 234.9 1,040.6 1,275.5

(8.82) (44.17) (52.99) (9.32) (41.28) (50.60)

Maize 305.2 140.6 445.8 325.8 131.7 457.5

(13.68) (6.30) (19.98) (12.93) (5.22) (18.15)

Wheat 112.4 116.0 228.4 141.6 239.6 381.2

(5.03) (5.20) (10.23) (5.62) (9.51) (15.13)

Barley 19.3 8.0 27.3 19.8 6.6 26.4

(0.86) (0.36) (1.22) (0.79) (0.26) (1.05)

Millets 95.5 19.3 114.5 102.6 19.2 121.8

(4.28) (0.86) (5.14) (4.07) (0.76) (4.83)

Potato 36.8 12.0 48.8 41.7 9.4 51.1

(1.65) (0.54) (2.19) (1.66) (0.37) (2.03)

Sugarcane 2.4 12.0 14.4 1.8 23.5 25.3

(0.11) (0.54) (0.65) (0.07) (0.93) (1.00)

Oilseeds 26.8 78.7 105.5 22.6 100.0 122.6

(1.20) (3.53) (4.73) (0.89) (3.97) (4.86)

Tobacco 0.7 8.4 9.1 0.4 6.8 7.2

(0.03) (0.38) (0.41) (0.02) (0.27) (0.29)

Jute 2.7 52.3 55.0 na na 52.0

(0.12) (2.34) (2.46) (2.06)
Total Area 798.7 1,432.9 2,231.6	 893.8 1,626.8	 2,520.6

(35,79) (64,21) (100,00)	 (35.5)	 (64.5)	 (100,00)

Source: ADB and HMG,Nepal, 1982.
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Table A.4
Comparison of Area, Production and Yields of Cereal Grains

by Ecological Regions between 1971/72 and 1981/82 

Area ('000 ha) 1971/72 1981/82 Increase

or decrease(%)

Mountains 111.50 108.32 -2.85

Hills 613.80 774.35 26.16

Terai 1,295,60 1,438,03 11,02

Total 2,020,90 2,321.03 14.85

Production

(in '000 mt)

1971/72 1981/82 Increase

or decrease(%)

Mountains 177.60 154.89 -12.79

Hills 1,103.80 1,298.22 17.61

Terai 2,199,30 21529,45 15.01

Total 3,490.70 3982,56 14.42

Yield (mt) 1971/72 1981/82 Increase

or decrease(%)

Mountains 1.59 1.43 -10.06

Hills 1.80 1.68 - 6.67

Terai 1,70 1,76 3,53

Total 1,72 1,72 0.00

Source: Department of Food and Agricultural Marketing

Services, Nepal.
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Appendix B

GRAPHICAL REPRESENTATION OF AGGREGATE AND INDIVIDUAL CROP YIELDS
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Appendix C

GRAPHICAL REPRESENTATION OF USE OF INPUTS
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Appendix D

ESTIMATION OF YIELD-RAINFALL EQUATIONS USING GLS



APPENDIX D

1. Yield-Rainfall Equations Using GLS (Hills) 

i. Yo = 2214.200 + 527.950 A2 + 0.129 RP2 + 0.287 RP3
(15.863)	 (9.537)	 (1.245)	 (1.163)

- 1.054 RP4 - 39.209 T,

	

(-1.985)	 (-4.839)

R2= 0.719, R2 = 0.744

ii. Y.2 = 1881.700 + 0.067 RMZ 1 + 0.042 RMZ2 - 39.872 T,

	

(24.382) (0.549)	 (0.747)	 (-6.115)

	

R2= 0.416,	 R2 = 0.449

iii. Y.= 904.130 + 258.340 A2 + 0.179 RW3 - 1.064 RW4

	

(12.262)	 (5.087)	 (1.474)	 (-1.428)

+ 28.047 T,

(3.661)

	

K2 = 0.412,	 R2 = 0.456

iv. Yrd = 1279.200 - 77.395 A4 - 0.019 RML2 - 0.088 RML3

	

(23.880) (-2.399) (-0.449)	 (-1.048)

- 17.606 T,

(-3.832)

	

K2 = 0.265,	 R2 = 0.319
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v. Yo = 5391.200 + 1061.100 A2 + 0.41] RPT 1 - 0.501 RPT2

	

(15.676)	 (6.091)	 (0.814)	 (-1.981)

+ 0.800 RPT3 - 0.088 RPT4 + 10.674 T,

	

(1.694)	 (-0.046)	 (0.042)

	

= 0.373,	 R2 = 0.440

2. Yield-Rainfall Equations Using GLS (Terai) 

i. YN = 1467.800 - 956.960 D + 0.114 RP 2 + 0.395 RP3

	

(9.663)	 (-8.335)	 (1.151)	 (1.995)

+ 0.163 RP4 + 12.779 T,

	

(0.117)	 (1.106)

	

§2 = 0.659,	 R2 = 0.694

= 1591.300 - 421.010 D + 250.110 A2+ 480.850 A3

	(10.170)	 (-4.269)	 (3.394)	 (6.261)

+ 146.560 A4 + 0.269 RMZ 1 - 0.248 RMZ 2 + 13.333 T,

	

(1.789)	 (1.026)	 (-2.257)	 (1.262)

	

R2 = 0.522,	 R2 = 0.588

Yw = 879.040 + 0.226 RW 3 - 0.204 RW 4 + 27.962 T,
	(10.355)	 (1.704)	 (-0.218)	 (3.460)

	

R2 = 0.165,	 R2 = 0.219

iv. Yu = 912.960 - 93.073 A3 - 0.016 RML2 + 0.012 RML3

	

(18.711) (-3.577)	 (-0.453)	 (0.194)

+ 64.904 T,

(1.761)

	

= 0.526,	 R2 = 0.584
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v. Ypt = 6552.000 + 1202.500 A3	 594.920 A4	 1.071 RPT,

(12.022)	 (4.587)	 (2.197)	 (1.066)

+ 0.172 RPT2 + 0.392 RPT3 + 10.038 RPT4 - 0.186 T,

	

(12.022)	 (4.587)	 (2.197)	 (-1.066)

	

= 0.512,	 R2 = 0.579

where	 Ypd, Y.„ Y, Yc and Ypt = the yields per hectare

of paddy, maize, wheat, millet, and potato,

PP2, RP3 = millimeter of rainfall in Jun.Jul.Aug.

and Sept.Oct.Nov. weighted by the paddy production,

RMZ,, RMZ 2 = rainfall in Mar.Apr.May and Jun.Jul.Aug.

weighted by the maize production,

RW3, RW4 = rainfall in Oct.Nov.Dec. and Jan.Feb.Mar.

weighted by wheat production,

RML2, RML 3 = rainfall in Jun.Jul.Aug. and Sept.Oct.Nov.

weighted by the millet production,

RPT i ,RPT2 , FRPT3 and RPT4 = rainfall in

Mar.Apr.May, Jun.Jul.Aug., Sept.Oct.Nov. and Dec.Jan.Feb.

weighted by the potato production.

T = time variable

A2 , A3 and A4 = dummies for Central,

Western and Mid-western subregions (Hills or Terai)

D = dummy for the drought year 1979/80
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